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United States District Court 



- * for the f - • »■* 

; •■; " '» ^ 

District of Columbia 



Daiichi Sankyo Co., Ltd. 



Plaintiff 



The Honorable David J. Kappos 



Defendant 



Case: 1:10-cv-01862 
Assigned To : Walton, Reggie B. 
Assign. Date : 11/1/2010 
Description: General Civil 



SUMMONS IN A CIVIL ACTION 

To: (Defendant's name and address) The Honorable David J. KappOS 

Office of the General Counsel 
10B20, Madison Building East 
600 Dulany Street 
Alexandria, Virginia 22313 



A lawsuit has been filed against you. 

Within ^days after service of this summons on you (not counting the day you received it) — oi(6(plays if you 
are the United States or a United States agency, or an officer or employee of the United States described in Fed. R. Civ. 
P. 12 (a)(2) or (3) — you must serve on the plaintiff an answer to the attached complaint or a motion under Rule 12 of 
the Federal Rules of Civil Procedure. The answer or motion must be served on the plaintiff or plaintiffs attorney, 
whose name and address are: 

Clarence Edward Polk, Jr. 
Foley & Lardner, LLP 
3000 K Street, N.W. 
Washington, DC 20007 

If you fail to respond, judgment by default will be entered against you for the relief demanded in the complaint. 
You also must file your answer or motion with the court. 



i 
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Civil Action No. 

PROOF OF SERVICE 
(This section should not be filed with the court unless required by Fed. R. Civ. P. 4 (I)) 

This summons for (name of individual and title, if any) ' • 
was received by me on (date) 



D I personally served the summons on the individual at (place) 



on (date) ; or 



□ I left the summons at the individual's residence or usual place of abode with (name) 



, a person of suitable age and discretion who resides there, 



on (date) , and mailed a copy to the individual's last known address; or 

□ I served the summons on (name of individual) , who is 

designated by law to accept service of process on behalf of (name of organization) 



on (date) ; or 



□ I returned the summons unexecuted because ; or 

□ Other (specify): 

My fees are $ for travel and $ for services, for a total of $ 0.00 



I declare under penalty of perjury that this information is true. 



Date: 



Server's signature 



Printed name and title 



Server 's address 



Additional information regarding attempted service, etc: 



# 



• 



IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



DAIICHI SANKYO CO., LTD. 
3-5-1, Nihonbashi Honcho, Chuo-ku 
Tokyo, Japan 103-8426 



Plaintiff, 



HON. DAVID J. KAPPOS 

Under Secretary of Commerce for Intellectual 



v. 



Case: 1:10-cv-01862 
Assigned To : Walton, Reggie B. 
Assign. Date: 11/1/2010 
Description: General Civil 



Property and Director of the United States 
Patent and Trademark Office 
Madison Building 
600 Dulany Street 
Alexandria, VA 22314 



Plaintiff Daiichi Sankyo Co., Ltd. ("Plaintiff'), for its Complaint against Defendant, the 
Honorable David J. Kappos, states as follows: 

1 . This is an action by the owner of United States Patent No. 7,335,765 ("the '765 
patent") seeking review of inaccurate and erroneous patent term adjustment calculations made by 
the United States Patent & Trademark Office ("PTO"). Specifically, this is an action by Plaintiff 
seeking a judgment that the patent term adjustment of 225 days calculated by the PTO for the 
'765 patent is erroneous and should be corrected as alternatively reflected in attached Exhibit A. 

2. This action arises under 35 U.S.C. § 154, the Administrative Procedure Act, and the 
Fifth Amendment to the Constitution of the United States. 



Defendant. 



COMPLAINT 
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I. THE PARTIES 

3. Plaintiff Daiichi Sankyo Company, Limited ("Daiichi Sankyo") is a company 
organized under the laws of Japan. Daiichi Sankyo is located at 3-5-1, Nihonbashi Honcho, 
Chuo-ku, Tokyo, Japan. 

4. Defendant David J. Kappos is the Under Secretary of Commerce for Intellectual 
Property and Director of the United States Patent and Trademark Office. Defendant is sued in 
his official capacity. Defendant is the head of the PTO and is responsible for superintending or 
performing all duties required by law with respect to the granting and issuing of patents, and is 
designated by statute as the official responsible for determining the period for patent term 
adjustments under 35 U.S.C. § 154(b)(3)(B). 

II. JURISDICTION AND VENUE 

5. This Court has jurisdiction over this action and is authorized to issue the requested 
relief to Plaintiffs pursuant to 28 U.S.C. §§ 1331, 1338(a), 1361, 2201 and 2202; 35 U.S.C. 

§ 154(b)(4)(A), and/or 5 U.S.C. §§ 701-706. 

6. Venue is proper in this district pursuant to 35 U.S.C. § 1 54(b)(4)(A), 28 U.S.C. 
§ 1391(e) and/or 5 U.S.C. §§ 702-703 . 

7. This Complaint is timely filed, inter alia, in accordance with 35 U.S.C. 

§ 154(b)(4)(A) and, alternatively, pursuant to 28 U.S.C. § 2401(a), and/or the doctrine of 
equitable tolling. 

III. BACKGROUND 

8. The '765 patent, attached as Exhibit B, issued on February 26, 2008 to Masakatsu 
Kaneko, Koji Morita and Takeshi Imanishi from U.S. patent application number 09/925,673, 
which was filed on August 9, 2001. 
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9. Plaintiff Daiichi Sankyo is the assignee of the '765 patent, and is the real party in 
interest in this case. 

1 0. The Patent Term Guarantee Act of 1 999, a part of the American Inventors 
Protection Act, amended 35 U.S.C. § 154(b) to address concerns that delays by the PTO during 
prosecution of patent applications could result in shortening the effective terms of patents, which 
are measured from their respective filing dates. 

11. As amended, 35 U.S.C. § 1 54(b) guarantees patent term against three types of PTO 
delay: (A) the failure of the PTO to take action within certain time periods is addressed under 
35 U.S.C. § 154(b)(1)(A); (B) the failure of the PTO to issue a patent within 3 years of its actual 
filing date is addressed under 35 U.S.C. § 154(b)(1)(B); and (C) delays due to interferences, 
secrecy orders and appeals are addressed under 35 U.S.C. § 154(b)(1)(C). 

12. Any patent term adjustment due for PTO delays under 35 U.S.C. § 1 54(b)(1) is 
limited by 35 U.S.C. § 154(b)(2), which requires in 35 U.S.C. § 154(b)(2)(A) that the PTO take 
into account any overlap in the PTO delays, and which also requires that the PTO take into 
account any applicant delays under 35 U.S.C. § 154(b)(2)(C). 

13. Under 35 U.S.C. § 1 54(b)(l)(A)(ii), an applicant is entitled to patent term 
adjustment when the PTO fails to "respond to a reply under section 132, or to an appeal taken 
under section 134, within 4 months after the date on which the reply was filed or the appeal was 
taken." 

14. Under 35 U.S.C. § 1 54(b)(l)(A)(iv), an applicant is entitled to patent term 
adjustment when the PTO fails to "issue a patent within 4 months after the date on which the 
issue fee was paid under section 151 and all outstanding requirements were satisfied." 
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15. As set forth in 35 U.S.C. § 1 54(b)(1)(A), delays by the PTO require that "the term 
of the patent shall be extended 1 day for each day after the end of the period specified in clause 
(i), (ii), (iii), or (iv), as the case may be, until the action described in such clause is taken." 

16. On April 5, 2005, the PTO issued a Notice of Allowance and Fee(s) Due, requiring 
that the issue fee be paid by July 5, 2005; applicants paid the issue fee on June 27, 2005. 

17. The April 5, 2005 notice did not identify any outstanding requirements that 
applicants needed to meet beyond payment of the issue fee. 

18. Between June 27, 2005 and July 3, 2006, the PTO did not notify applicants of any 
outstanding requirements that applicants needed to meet regarding application no. 09/925,673. 

1 9. On information and belief, the PTO delayed issuing the patent and sua sponte 
reopened prosecution due to the departure from the PTO of the examiner who had examined and 
allowed the application. The applicants were informed on or about July 3, 2006, more than a 
year after applicants paid the issue fee, that Examiner Howard V. Owens, Jr., who issued the first 
office action in March of 2003 and examined the application through the Notice of Allowance 
issued April 5, 2005, had left the PTO. 

20. Applicants were further informed on or about July 3, 2006 that the application was 
going to be assigned to a new examiner to review patentability in light of a prior art reference 
that the applicants had already submitted to the PTO and that examiner Owens had already 
considered before allowing the application. 

21. On August 1 , 2006, more than one year after applicants paid the issue fee, the PTO 
sua sponte reopened prosecution of the '765 patent, and issued a non-final office action. In that 
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office action, the PTO stated that it was reopening prosecution "in view of the reference cited in 
applicants IDS filed February 17, 2005." 

22. Applicants information disclosure statement (IDS) filed February 17, 2005 cited 
U.S. Patent No. 6,794,499 to Wengel ("the Wengel patent"). That reference had already been 
considered by examiner Owens before he issued the notice of allowance on March 14, 2005. 

23. Applicants also filed an IDS on August 17, 2004 in which the published application 
for the Wengel patent (US 2002/0068708) was cited to the PTO. 

24. On July 26, 2007, the PTO issued another Notice of Allowance for the '765 patent, 
requiring that a request to reapply the previously paid issue fee be filed by October 26, 2007; 
applicants filed such a request on September 27, 2007. 

25. In the July 26, 2007 Notice, the PTO indicated that the '765 patent was entitled to 
195 days of patent term adjustment. 

26. On September 6, 2007, before the patent was issued, the applicants filed an 
application for patent term adjustment including a request for reconsideration of the PTO's 
patent term adjustment calculation, in accordance with 35 U.S.C. § 1 54(b)(3)(B)(ii) and 37 
C.F.R. § 1.705(b). Applicants sought an additional 278 days of patent term adjustment for the 
PTO's failure to take any action within 4 months of the June 27, 2005 issue fee payment. 

27. On January 4, 2008, still before the patent was issued, the PTO issued a decision 
"dismissing" applicants' request for reconsideration. Relying on a September 18, 2000 Federal 
Register Notice, the PTO asserted that if prosecution "is reopened after allowance ... all 
outstanding requirements are not satisfied until the application is again in condition for 
allowance as indicated by ... a new notice of allowance." Essentially, the PTO has taken the 
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position that there can be no patent term adjustment for delays that occur when the PTO sua 
sponte reopens prosecution after payment of an issue fee, regardless of how long the PTO takes 
to reopen prosecution or how long the PTO delays during the reopened prosecution period. 

28. Despite the PTO's position that delays associated with reopened prosecution are not 
accounted for in the patent term adjustment calculation, the PTO deducted patent term 
adjustment for applicants' delays during this time, while ignoring the PTO's own delays during 
this same time period. 

29. By "dismissing" applicants' September 6, 2007 request for reconsideration, the 
PTO precluded judicial review of the PTO's January 4, 2008 decision. It has long been the 
practice of the PTO that a dismissal is not a "final agency action" within the meaning of the 
Administrative Procedure Act, and so is not subject to judicial review. 

30. On February 14, 2008, applicants requested that the PTO reconsider its January 4, 
2008 decision. Applicants pointed out that the federal register commentary cited by the PTO 
was not supported by the text of 35 U.S.C. § 1 54 or any permissible PTO rule. In fact, the 
federal register commentary cited by the PTO and the PTO's final decision on appeal in this case 
is inconsistent with the legislative history of 35 U.S.C. § 154. 

3 1 . The '765 patent issued on February 26, 2008, 4 months and 30 days after the 
request to reapply the previously paid issue fee was filed. Because the PTO failed to issue the 
patent within 4 months of the September 27, 2007 filing, the PTO awarded an additional 30 days 
of patent term adjustment (beyond that indicated in the July 26, 2007 Notice) under 35 U.S.C. 

§ 154(b)(l)(A)(iv), resulting in a total award of 225 days of patent term adjustment. 

32. On March 20, 2008, shortly after the '765 patent issued, applicants submitted 
another application for patent term adjustment including a request for reconsideration in 
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accordance with 37 C.F.R. § 1.705(d). Applicants contested the 225 days of patent term 
adjustment awarded by the PTO. 

33. On August 12, 2008, the PTO issued a decision "dismissing" applicants' request for 
reconsideration. The PTO stated that "[i]t is regretted that more than a year elapsed from the 
withdrawal of the application from issue until the mailing of the Office action on August 1, 2006. 
However, every delay by the office ... is not set forth as a basis for entry of a period of 
adjustment . . . There is no basis in the statute or rules for entry of a period of adjustment for 
office delay in taking action after withdrawing an application from issue." 

34. On October 8, 2008, applicants filed a response to the PTO's August 12, 2008 
decision dismissing applicant's request for reconsideration and again requesting reconsideration 
of the patent term adjustment. Applicants again argued that there was no statutory basis for the 
PTO's refusal to award patent term adjustment when prosecution is reopened following payment 
of an issue fee and all outstanding requirements were satisfied at the time the issue fee was paid. 

35. On August 30, 2010, over 22 months after the applicants' final request for 
reconsideration, the PTO issued a decision "denying" applicant's request for additional patent 
term adjustment. For the first time, the decision stated that "[t]his decision may be viewed as a 
final agency action. See MPEP § 1002.02(b)." 

36. Under 35 U.S.C. § 154(b)(4)(A), "[a]n applicant dissatisfied with a determination 
made by the Director under paragraph (3) shall have remedy by a civil action against the Director 
filed in the United States District Court for the District of Columbia within 180 days after the 
grant of the patent. Chapter 7 of title 5 shall apply to such action." 
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37. Applicants requested reconsideration of the PTO's patent term adjustment for the 
'765 patent, but the PTO did not issue a final agency action until August 30, 2010, 916 days after 
the patent issued. 

38. Because the PTO did not render a final, appealable decision on applicants' request 
for reconsideration until August 30, 2010, the August 30, 2010 decision could not have been 
appealed to this Court within the 180-day period set forth in 35 U.S.C. § 154(b)(4)(A). 

39. On information and belief, Defendant has a policy of not deciding applications for 
reconsideration of patent term adjustment filed in accordance with 35 U.S.C. § 154(b)(3) and/or 
37 C.F.R. § 1.705 if an applicant files a civil action under 35 U.S.C. § 154(b)(4)(A). Thus, on 
information and belief, had Plaintiff filed a civil action under 35 U.S.C. § 154(b)(4)(A) within 
180 days of the issue date of the '765 patent, the PTO would not have decided applicants' 
request for reconsideration while an action was pending in this Court, thus depriving applicants 
of the statutory administrative remedy provided in 35 U.S.C. § 154(b)(3). 

IV. COUNT ONE: EQUITABLE TOLLING OF 35 U.S.C. § 154(B)(4)(A) AND 
PATENT TERM ADJUSTMENT UNDER 35 U.S.C § 154 

40. The allegations of paragraphs 1-39 are incorporated in this claim for relief as if 
fully set forth herein. 

41 . 35 U.S.C. § 154(b)(4)(A) sets a 180 day period for applicants to bring a civil action 
to challenge a PTO patent term adjustment determination, but it is a non-jurisdictional statute of 
limitations that should not bar Plaintiffs claims herein. 

42. The equitable tolling doctrine is a creation of common law that has been read into 
statutes of limitations, absent Congressional intent to the contrary. 
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43. Nothing in 35 U.S.C. § 154 shows Congressional intent to preclude equitable tolling 
for the 180-day limitations period in 35 U.S.C. § 154(b)(4)(A). To the contrary, by providing for 
agency review of the PTO determination, see, e.g., 35 U.S.C. § 154(b)(3)(B)(ii), Congress 
revealed its intention that applicants have the option of allowing the PTO decide patent term 
adjustment appeals in the first instance. When the PTO does not render a decision within the 
180-day limitations period, equitable tolling is necessary to effectuate Congressional intent of 
allowing applicants an administrative remedy under the patent term adjustment statutory scheme. 

44. Applicants have been diligently pursing their administrative remedy under 

35 U.S.C. § 154. However, the PTO did not render a final, appealable agency decision until 
more than one year after the 180-day limitations period had already lapsed. 

45. Requiring applicants to always file a civil action within the 180-day period in 35 
U.S.C. § 154(b)(4)(A) in order to preserve the right to judicial review, even if a request for 
reconsideration is pending before the PTO, would render the statutory guarantee of an 
administrative remedy provided in 35 U.S.C. § 1 54(b)(3)(B)(ii) useless because, on information 
and belief, the PTO stops all action on a request for reconsideration once a district court civil 
action is filed. Such a requirement also would needlessly waste judicial resources and raise 
questions over the Court's jurisdiction to hear an unripe dispute. 

46. Accordingly, the 180 day limitation period set forth in 35 U.S.C. § 154(b)(4)(A) 
should be equitably tolled from at least the date applicants filed their request for consideration on 
March 20, 2008 (23 days after the '765 patent issued) until the PTO first issued a final agency 
decision on August 30, 2010. 

47. The '765 patent is entitled to a total period of patent term adjustment as reflected in 
the attached Exhibit A. 
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V, COUNT TWO: PATENT TERM ADJUSTMENT UNDER 35 U.S.C § 154 

48. Plaintiff incorporates by reference the allegations in paragraphs 1-47 above, as if 
fully set forth herein, 

49. The 1 80 day limitation period set forth in 35 U.S.C. § 1 54(b)(4)(A) applies to a re- 
determination of PTA by Defendant under "paragraph (3) i.e., 35 U.S.C. § 154(b)(3). 

50. 35 U.S.C. § 154(b)(3), by its plain, ordinary terms governs patent term adjustment 
determinations only in conjunction with a "written notice of allowance of the application under 
section 151." 

51. 35 U.S.C. § 1 54(b)(3) does not cover a PTA determination by Defendant in 
conjunction with the issuance of a patent. 

52. The limitation period in 35 U.S.C. § 1 54(b)(4)(A) does not restrict the time within 
which a patentee, through a civil action in this Court, may appeal a PTA determination by 
Defendant made contemporaneous with the grant of a patent. 

53. Because 35 U.S.C. § 154(b)(4)(A) does not apply, the six-year Administrative 
Procedure Act statute of limitations, 28 U.S.C. § 2401(a), applies to the present action, and the 
total patent term adjustment for the 4 765 patent should be recalculated as reflected in Exhibit A. 

VI. COUNT THREE: DECLARATORY JUDGMENT UNDER THE 
ADMINISTRATIVE PROCEDURE ACT 

54. The allegations of paragraphs 1-53 are incorporated in this claim for relief as if 
fully set forth herein. 

55. Defendant's improper calculation of patent term adjustment, including refusing to 
guarantee the patent term against the PTO delays after the issue fee was paid April 5, 2005, was 
arbitrary, capricious, an abuse of discretion, or otherwise not in accordance with law within the 
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meaning of 5 U.S.C. § 706(2)(A); contrary to Plaintiffs constitutional rights within the meaning 
of 5 U.S.C. § 706(2)(B); and in excess of statutory authority within the meaning of 5 U.S.C. 
§ 706(2)(C). 

56. Defendant's August 30, 2010 final determination of patent term adjustment for the 
'765 patent was a final agency action that is reviewable under 5 U.S.C. § 704. 

57. Plaintiff has exhausted all available administrative remedies. 

58. If the Court determines that Plaintiff may not seek recalculation of patent term 
adjustment for the '765 patent under 35 U.S.C. § 154 because it is time barred under 35 U.S.C. 
§ 154(b)(4)(A), Plaintiff will be left with no adequate remedy at law. 

59. Plaintiff will suffer irreparable injury if Defendant is not ordered to alter patent term 
adjustment for the '765 patent to provide the full patent term guaranteed under 35 U.S.C. § 154. 

60. Requiring the PTO to grant patent term adjustment against PTO delays when 
prosecution is reopened after payment of an issue fee would not substantially injure any other 
interested parties, and the public interest will be furthered by a recalculation of patent term 
adjustment in a manner that is consistent with 35 U.S.C. § 154. 

61 . The total patent term adjustment for the '765 patent should be recalculated as 
reflected in Exhibit A. 

VII. COUNT FOUR: VIOLATION OF THE FIFTH AMENDMENT OF THE 
CONSTITUTION OF THE UNITED STATES 

62. The allegations of paragraphs 1-61 are incorporated in this claim for relief as if 
fully set forth herein. 

63. The Fifth Amendment of the Constitution of the United States provides in relevant 
part: "[N]or shall private property be taken for public use, without just compensation." 
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64. Plaintiff enjoys a substantial and cognizable private property right in the full and 
complete term of the '765 patent. 

65. Plaintiff has paid all necessary maintenance fees for the '765 patent. 

66. Defendant's refusal to award patent term adjustment to compensate for PTO delays 
after payment of the issue fee on April 5, 2005 permanently deprived Plaintiff of patent term to 
which the '765 patent is entitled to under 35 U.S.C. § 154(b). 

67. Defendant's purposeful and deliberate diminution of the patent term for the '765 
patent constitutes a taking of Plaintiffs property without just compensation in violation of the 
Fifth Amendment to the Constitution of the United States, requiring recalculation of patent term 
adjustment as set forth in Exhibit A. 

WHEREFORE, Plaintiff respectfully prays that this Court: 

A. Issue an Order changing the patent term adjustment for the '765 patent as 
alternatively calculated in the attached Exhibit A; 

B. Declare that Defendant's determination of patent term adjustment for the '765 
patent is invalid, unconstitutional and contrary to law; 

C. Grant such other and further relief as the nature of the case may admit or require, 
including additional patent term for the '765 patent if further errors are identified and found in 
the PTO's patent term adjustment calculation methodology, and any such other and further relief 
as may be deemed just and equitable by this Court. 
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Dated: November 1, 2010 



Respectfully submitted, 




Michael D. Kaminskij^CBafNo. 415971, 
application to this Court pending) 
C. Edward Polk, Jr. (DC Bar No. 472453) 
Courtenay C. Brinckerhoff (DC Bar No. 
482443, application to this Court pending) 

FOLEY & LARDNER LLP 
3000 K Street, N.W. 
Washington, DC 20007 
(202) 672-5300 

Attorneys for Plaintiff Daiichi Sankyo Co., Ltd. 



Address for mail: 
FOLEY & LARDNER LLP 
3000 K Street, N.W. 
Washington, DC 20007 
(202) 672-5300 
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Exhibit A 
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Application Filing 
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08/09/2001 
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Notice to File 
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10/19/2001 
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Notice to File 
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12/31/2001 
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Restriction 
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03/26/2003 
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Restriction 
Requirement 
Response 
Received at PTO 


05/05/2003 


634 














IDS filed 


06/05/2003 
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Non-Final Office 
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07/29/2003 
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Non-Final Office 
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-1- 
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Request for 
Continued 
Examination (No 
Amendment) 
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1 
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Action 
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Final Office 
Action 
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Allowance 


07/26/2007 
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EXHIBIT B 



I 



(12) United States Patent 

Kaneko et al. 



US007335765B2 

(io) Patent No.: US 7,335,765 B2 
(45) Date of Patent: Feb, 26, 2008 



(54) NUCLEOSIDE AND OLIGONUCLEOTIDE 
ANALOGUES 

(75) Inventors: Masakatsu Kaneko, Yokohama (JP); 

Koji Morite, Tokyo (JP); Takeshi 
Imanishi, Nara (JP) 

(73) Assignees: Daiichi Sankyo Company, Limited, 

Tokyo (JP); Mitsubishi-Kagaku Foods 
Corporation, Tokyo (JP) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 225 days. 

(21) Appl. No.: 09/925,673 

(22) Filed: Aug. 9, 2001 

(65) Prior Publication Data 

US 2002/0147332 Al Oct. 10, 2002 

Related U.S. Application Data 
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ABSTRACT 



A compound of the formula (1): 



R'O 




0) 



wherein R 1 and R 2 are the same or different and represent a 
hydrogen atom, a hydroxyl protecting group, a phosphate 
group, or — P(R 3 )R 4 , wherein R 3 and R 4 are the same or 
different and represent a hydroxyl group, an amino group, an 
alkoxy group having from 1 to 4 carbon atoms, a 
cyanoalkoxy group having from 1 to 5 carbon atoms or an 
amino group substituted by an alkyl group having from 1 to 
4 carbon atoms; A represents an alkylene group having from 
1 to 4 carbon atoms and B represents a purin-9-yl group, a 
2-oxo-pyrimidin-l-yl group, a substituted purin-9-yl group 
or a substituted 2-oxo-pyrimidin-l-yl group having a sub- 
stituent a selected from the group consisting of a hydroxyl 
group which may be protected, an alkoxy group having from 
1 to 4 carbon atoms, a mercapto group which may be 
protected, an alkylthio group having from 1 to 4 carbon 
atoms, an alkoxy group having from 1 to 4 carbon atoms, an 
amino group which may be protected, a mono- or di- 
al kyl ami no group which may be substituted by an alkyl 
group having from 1 to 4 carbon atoms, an alkyl group 
having from 1 to 4 carbon atoms and a halogen atom; or a 
salt thereof. 

60 Claims, No Drawings 
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NUCLEOSIDE AND OLIGONUCLEOTIDE 
ANALOGUES 

This application is a continuation-in-part application of 
international application PCT/JPOO/00725 filed Feb. 10, 
2000 (not published in English), the entire contents of which 
are hereby incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to novel oligonucleotide 
analogues, which exhibit antisense or antigene activity hav- 
ing excellent stability, or exhibit excellent activity as a 
detection agent (probe) for a specific gene or as a primer for 15 
starting amplification, and to novel nucleoside analogues 
which are intermediates for their production. 

2. Background Information 

Oligonucleotide analogues, which have excellent anti- 
sense or antigene activity and which are stable in the body 20 
are expected to be useful pharmaceuticals. In addition, 
oligonucleotide analogues having a high degree of stable 
complementary chain formation ability with DNA or mRNA 
are useful as detection agents for a specific gene or as 
primers for starting amplification. 2 5 

In contrast, naturally-occurring oligonucleotides are 
known to be quickly decomposed by various nucleases 
present in the blood and cells. In some cases, naturally- 
occurring oligonucleotides may not have sufficient sensitiv- 
ity for use as detection agents for specific genes or as 30 
primers for starting amplification due to limitations on their 
affinity with complementary base sequences. 

In order to overcome these shortcomings, various non- 
naturally-occurring oligonucleotide analogues have been 
produced, and have been attempted to be developed for use 35 
as pharmaceuticals or detection agents for specific genes. 
Namely, known examples of such non-naturally-occurring 
oligonucleotide analogues include those in which an oxygen 
atom attached to a phosphorus atom in a phosphodiester 
bond of an oligonucleotide is replaced with a sulfur atom, 40 
those in which said oxygen atom is replaced with a methyl 
group, those in which said oxygen atom is replaced with a 
boron atom, and those in which a sugar moiety or base 
moiety of an oligonucleotide is chemically modified. For 
example, ISIS Corp. has developed thioate-type oligonucle- 45 
otide ISIS2922 (Vitravene) as a therapeutic agent for human 
cytomegalovirus retinitis and ISIS2922 has been put on the 
open market in the United States. 

However, in consideration of the potency of the antisense 
or antigene activity in the above non-naturally-occurring 50 
oligonucleotide analogues, namely the ability to form a 
stable complementary chain with DNA or mRNA, stability 
with respect to various nucleases, and the manifestation of 
adverse side effects due to non-specific bonding with various 
proteins in the body, there has been a need for a non- 55 
naturally-occurring oligonucleotide analogue having even 
better stability in the body, a low incidence of adverse side 
effects and a high ability to form complementary chains. 

SUMMARY OF THE INVENTION 6 o 

The inventors of the present invention conducted inten- 
sive research over a long period of time on non-natural ly- 
occurring oligonucleotide analogues having excellent anti- 
sense or antigene activity, excellent stability in the body and 65 
a low incidence of adverse side effects. As a result of that 
research, they found that oligonucleotide analogues or 
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nucleoside analogues having an ether bond in said molecules 
are useful as an antisense or antigene pharmaceutical having 
excellent stability, a detection agent (probe) for a specific 
gene, a primer for starting amplification or as intermediates 
5 for their production, and accomplished the present inven- 
tion. 

In the following, the present invention will be described 
in detail. 

io The novel nucleoside analogues of the present invention 
are compounds of the formula (1): 




wherein R 1 and R 2 are the same or different and represent a 
hydrogen atom, a hydroxyl protecting group, a phosphate 
group, a protected phosphate group or — P(R 3 )R 4 wherein 
R and R 4 are the same or different and represent a hydroxyl 
group, a protected hydroxyl group, a mercapto group, a 
protected mercapto group, an amino group, an alkoxy group 
having from 1 to 4 carbon atoms, an alkylthio group having 
from 1 to 4 carbon atoms, a cyanoalkoxy group having from 
1 to 5 carbon atoms or an amino group substituted by an 
alkyl group having from 1 to 4 carbon atoms; 
A represents an alkylene group having from 1 to 4 carbon 
atoms; and 

B represents an unsubstituted purin-9-yl group, an unsub- 
stituted 2-oxo-pyrimidin-l-yl group or a substituted 
purin-9-yl group or a substituted 2K)xo-pyrimidin-l-yI 
group having a substituent selected from the a group 
defined hereinbelow; 

or salts thereof. 

The oligonucleotide analogues of the present invention 
are oligonucleotide analogues having two or more nucleo- 
side units, wherein at least one of the nucleoside units is a 
structure of the formula (2): 



(2) 



-O V 


B 


/ 


f\l 

1 0 
0 



wherein A represents an alkylene group having from 1 to 4 
carbon atoms; and B represents an unsubstituted purin-9-yI 
group, an unsubstituted 2-oxo-pyrimidin-l-yl group or a 
substituted purin-9-yl group or a substituted 2-oxo-pyrimi- 
din-l-yl group having a substituent selected from the fol- 
lowing a group; 
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agroup: 

an unprotected hydroxy 1 group, 
a protected hydro xyl group, 
an alkoxy group having from 1 to 4 carbon atoms, 
an unprotected mercapto group, 5 
a protected mercapto group, 

an alkylthio group having from 1 to 4 carbon atoms, 
an unprotected amino group, 

a protected amino group, 10 
an amino group substituted by an alkyl group having from 

1 to 4 carbon atoms, 
an alkyl group having from 1 to 4 carbon atoms, and 
a halogen atom; 

or a salt thereof. 15 

DETAILED DESCRIPTION OF THE 
INVENTION 

"The alkylene group having from 1 to 4 carbon atoms" of 20 
A in the above formula (1) or (2) may include methylene, 
ethylene, trimethylene and tetramethylene groups, prefer- 
ably a methylene group. 

The protecting group of "the hydroxyl protecting group" 25 
of R* and R 2 and "the protected hydroxyl group" of R 3 and 
R 4 or the a group in the above formula (1) or (2) refers to 
a protecting group which can be cleaved by a chemical 
method such as hydrogenolysis, decomposition, hydrolysis, 
electrolysis and photolysis or a biological method such as 30 
hydrolysis in the human body, and such protecting groups 
may include "an aliphatic acyl group" such as an alkylcar- 
bonyl group, e.g., formyl, acetyl, propionyl, butyryl, isobu- 
tyryl, pentanoyl, pivaloyl, valeryl, isovaleryl, octanoyl, 
nonanoyl, decanoyl, 3-methylnonanoyl, 8-methylnonanoyl, 35 
3-ethyloctanoyl, 3,7-dimethyloctanoyI, undecanoyl, dode- 
canoyl, tridecanoyl, tetra decanoyl, pentadecanoyl, hexade- 
canoyl, 1-methylpentadecanoyl, 14-methylpentadecanoyl, 
1 3,1 3-dimethyltetradecanoyl, heptadecanoyl, 1 5 -methyl - 
hexadecanoyl, octadecanoyl, 1 -methylheptadecanoyl, nona- 40 
decanoyl, eicosanoyl and heneicosanoyl, a carboxylated 
alkylcarbonyl group, e.g., succinoyl, glutaroyl and adipoyl, 
a halogeno lower alkylcarbonyl group, e.g., chloroacetyl, 
dichloroacetyl, trichloroacetyl and trifluoroacetyl, a lower 
alkoxy lower alkylcarbonyl group, e.g., methoxyacetyl, and 45 
an unsaturated alkylcarbonyl group, e.g., (E>2-methyl-2- 
butenoyl; 

"an aromatic acyl group" such as an arylcarbonyl group, 
e.g., benzoyl, a-naphthoyl and 0-naphthoyl, a halo- 
genoarylcarbonyl group, e.g., 2-bromobenzoyl and 50 
4-chloro-benzoyl, a lower alkylated arylcarbonyl group, 
e.g., 2,4,6-trimethylbenzoyl and 4-toluoyl, a lower 
alkoxylated arylcarbonyl group, e.g., 4-anisoyl, a car- 
boxylated arylcarbonyl group, e.g., 2-carboxybenzoyl, 
3-carboxybenzoyl and 4-carboxybenzoyl, a nitrated aryl- 55 
carbonyl group, e.g., 4-nitrobenzoyl and 2-nitro benzoyl, a 
lower alkoxy carbonylated arylcarbonyl group, e.g., 
2-(methoxycarbonyl)benzoyl and an aryiated arylcarbo- 
nyl group, e.g., 4-phenylbenzoyl; 

"a tetrahydropyranyl group or a tetrahydrothiopyranyl 60 
group" such as tetrahydropyran-2-yl, 3-bromotetrahydro- 
pyran-2-yl, 4-methoxytetrahydropyran-4-yl, tetrahy- 
drothiopyran-2-yl and 4 - methoxytetrahydrothi opy ran -4 - 

yi; 

"a tetrahydrofuranyl group or a tetrahydrothiofuranyl 65 
group" such as tetrahydrofuran-2-yl and tetrahydrothio- 
furan-2-yl; 



'a silyl group" such as a tri-lower alkylsilyl group, e.g., 
trimethylsilyl, triethylsilyl, isopropyldimethylsilyl, t-bu- 
tyldimethylsilyl, methyldiisopropylsilyl, methyldi-t-bu- 
tyl silyl and triisopropylsilyl and a tri-lower alkylsilyl 
group substituted by one or two aryl groups, e.g., diphe- 
nylmethylsilyl, diphenylbutylsilyl, diphenylisopropylsilyl 
and phenyldiisopropylsilyl; 
'a lower alkoxymethyl group" such as methoxymethyl, 
1 , 1 -dimethyl- 1 -methoxy-methyi , ethoxy methyl, pro- 
poxymethyl, isopropoxymethyl, butoxymethyl and t-bu- 
toxymethyl; 

'a lower alkoxylated lower alkoxymethyl group" such as 

2-methoxyethoxymethyl; 
*a halogeno lower alkoxymethyl group" such as 2,2,2- 

trichloroethoxymethyl and bis(2-chloroethoxy)methyl; 
4 a lower alkoxylated ethyl group" such as 1 -ethoxyethyl and 

1 -(isopropoxy)ethyl ; 
'a halogenated ethyl group" such as 2,2,2-trichloroethyl; 
'a methyl group substituted by from 1 to 3 aryl groups" such 
as benzyl, a-naphthyl-methyl, P-naphthylmethyl, diphe- 
nylmethyl, triphenylmethyl, a-naphthyldiphenyl -methyl 
and 9-anthrylmethyl; 
"a methyl group substituted by from 1 to 3 aryl groups 
wherein said aryl ring is substituted by a lower, alkyl, 
lower alkoxy, halogen or cyano group" such as 4-methyl- 
benzyl, 2,4,6-trimethyIbenzyl, 3,4,5-trimethylbenzyl, 
4-methoxybenzyl, 4-methoxy-phenyldiphenylmethyl, 
4,4'-dimethoxytriphenylmethyl, 2-nitrobenzyl, 4-ni- 
trobenzyl, 4-chIorobenzyl, 4-bromobenzyl and 4-cy- 
anobenzyl; 

"a lower alkoxycarbonyl group" such as methoxycarbonyl, 
ethoxycarbonyl, t-butoxycarbonyl and isobutoxycarbo- 
nyl; 

"a lower alkoxycarbonyl group substituted by halogen or a 
tri-lower alkylsilyl group" such as 2,2,2-trichloroethoxy- 
carbonyl and 2-trimethylsilylethoxycarbonyl; 
"an alkenyloxycarbonyl group" such as vinyloxycarbonyl 

and allyloxycarbonyl; and 
"an aralkyloxycarbonyl group wherein said aryl ring may be 
substituted by one or two lower alkoxy or nitro groups" 
such as benzyloxycarbonyl, 4-methoxybenzyloxy-carbo- 
nyl, 3,4-dimethoxybenzyloxycarbonyl, 2-nitrobenzyloxy- 
carbonyl and 4-nitrobenzyloxycarbonyl. 
"The hydroxyl protecting group" of R 1 and R 2 may 
referably include "the aliphatic acyl group", "the aromatic 
acyl group", "the methyl group substituted by from 1 to 3 
aryl groups", "the methyl group substituted by from 1 to 3 
aryl groups wherein said aryl ring is substituted by a lower 
alkyl, lower alkoxy, halogen or cyano group" or "the silyl 
group"; more preferably an acetyl group, a benzoyl group, a 
benzyl group, a p-methoxybenzoyl group, a dimethoxytrityl 
group, a monomethoxytrityl group or a tert-butyldiphenyl- 
silyl group. 

The protecting group of the "protected hydroxyl group" of 
R 3 and R 4 or the a group may preferably include "the 
aliphatic acyl group" or "the aromatic acyl group", more 
preferably a benzoyl group. 

The protecting group of l4 the protected phosphate group" 
of R 1 and R 2 in the above formula (1) represents a protecting 
group which can be cleaved by a chemical method such as 
hydrogenolysis, hydrolysis, electrolysis and photolysis and a 
biological method such as hydrolysis in the human body and 
such protecting groups may include "a lower alkyl group" 
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, iso butyl, 
s-butyl, tert-butyl, n-pentyl, isopentyl, 2-methylbutyl, neo- 
pentyl, 1-ethyl-propyl, n-hexyl, isohexyl, 4-methylpentyl, 
3-methyIpentyl, 2-methylpentyl, 1 -methylpentyl, 3,3-dim- 
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cihylbutyl, 2,2 -dimethy lbutyl, 1,1 -dimethy lbutyl, 1,2-dim- 
ethy lbutyl, 1,3-dimethy lbutyl, 2,3-dimethy lbutyl and 2-eth- 
ylbutyl; 

"a cyanated lower aikyl group" such as 2-cyanoethyI and 

2-cyano-l , 1 -dimethylethyl; 
u an ethyl group substituted by a silyl group" such as 

2-mcthyldiphenylsilylethyl, 2-trimethylsilyIethyl and 

2- triphenylsily lethyl; 
"a halogenated lower aikyl group" such as 2,2,2-trichloro- 

ethyl, 2,2,2-tribromoethyl, 2,2,2-trifluoroethyl and 2,2,2- 
trichloro- 1 , 1 -dimethylethyl; 
"a lower alkenyl group" such as cthenyl, 1 -propenyl, 2-pro- 
penyl, l-methyl-2-propenyl, 1 -methyl- 1 -propenyl, 2-me- 
thyl-1 -propenyl, 2-methyl-2-propenyl, 2-ethyl-2-prope- 
nyl, 1-butenyl, 2-butenyl, l-methyl-2-butenyl, i-methyl- 
1 -butenyl, 3-methyl-2-butenyl, 1 -ethyl-2-butenyl, 

3- butenyl, 1 -methyl-3-butenyl, 2-methyl-3-butenyI, 

1 - ethyl -3-butenyl, 1-pentenyl, 2-pentenyl, 1 -methyl -2- 
pentenyl, 2-methyl-2-pentenyl, 3-pentenyl, 1- methyl -3- 
pentenyl, 2-me(hyl-3-pentenyl, 4-pentenyl, l-methyl-4- 
pentenyl, 2-methyl-4-pentenyl, 1-hexenyl, 2-hexenyl, 
3-hexenyl, 4-hexenyl and 5-hexenyl, 

"a cycloalkyl group" such as cyclopropyl, cyclobutyl, cyclo- 
pentyl, cyclohexyi, cycloheptyl, norbornyl and adaman- 
tyl; 

"a cyanated lower alkenyl group" such as 2-cyanobutenyl; 

"an aralkyl group" such as benzyl, a-naphthylmethyl, 
P-naphthylmethyl, indenylmethyl, phenanethrenylm- 
ethyl, anthracenylmethyl, diphenylmethyl, triphenylm- 
ethyl, 1-phenethyl, 2-phenethyl, 1-naphthy lethyl, 2-naph- 
thylethyl, 1-phenylpropyl, 2-phenylpropyl, 

3-phenylpropyl, 1-naphthylpropyl, 2-naphthylpropyl, 

3- naphthylpropyl, 1 -pheny lbutyl, 2-phenylbutyl, 3-phe- 
nylbutyl, 4-phenylbutyl, 1-naphthy lbutyl, 2-naphthylbu- 
tyl, 3-naphthylbutyl, 4-naphthylbutyl, 1 -phenyipentyl, 

2- phenylpentyl, 3-phenylpentyl, 4 -phenyipentyl, 5-phe- 
nylpentyl, 1-naphthylpentyl, 2-naphthylpentyI, 3-naphth- 
ylpentyl, 4-naphthylpentyl, 5-naphthylpentyl, 1-phenyl- 
hexyl, 2-phenylhexyl, 3-phenylhexyl, 4-phenylhexyl, 
5-phenylhexyl, 6-phenylhexyl, 1-naphthy lhexyl, 2-naph- 
thylhexyl, 3-naphthylhexyl, 4-naphthylhexyl, 5-naphthyl- 
hexyl and 6-naphthylhexyl; 

"an aralkyl group wherein said aryl ring is substituted by a 
nitro group or a halogen atom" such as 4-chJorobenzyl, 
2-(4-nitrophenyl)ethyl, o-nitrobenzyl, 4 -nitro benzyl, 2,4- 
di-nitro benzyl and 4-chloro-2-nitrobenzyl; 

"an aryl group" such as phenyl, indenyl, naphthyl, phenan- 
threnyl and anthracenyl; 

and "an aryl group substituted by a lower aikyl group, a 
halogen atom or a nitro group" such as 2-methylphenyl, 
2,6-dimethylphenyl, 2-chlorophenyl, 4-chlorophenyl, 
2,4-dichlorophenyl, 2,5-dichlorophenyl, 2-bromophenyl, 

4- nitrophenyl and 4-chloro-2-nitrophenyl; 

preferably "the lower aikyl group", "the lower aikyl group 
substituted by a cyano group", "the aralkyl group" or **the 
aralkyl group wherein said aryl ring is substituted by a nitro 
group or a halogen atom"; more preferably a 2-cyanoethyl 
group, a 2,2,2-trichloroethyl group or a benzyl group. 

"The alkoxy group having from 1 to 4 carbon atoms 1 
R 3 and R 4 or the a group in the above formula (1 ) or (2) may 
include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, 
isobutoxy, s-butoxy or tert-butoxy, preferably a methoxy or 
ethoxy group. 

The protecting group of "the protected mercapto group" 
of R 3 and R 4 or the a group in the above formula (1) or (2) 
may include, in addition to the hydroxyl protecting groups 



mentioned above, "a group which forms a disulfide" such as 
an alkylthio group, e.g., methylthio, ethylthio, tert-butylthio 
and an aralkylthio group such as benzylthio, preferably **the 
aliphatic acyl group" or "the aromatic acyl group", more 
preferably a benzoyl group. 

"The alkylthio group having from 1 to 4 carbon atoms" of 
R 3 and R 4 or the a group in the above formula (1 ) or (2) may 
include methylthio, ethylthio, propylthio, isopropylthio, 
butylthio, isobutylthio, s-butylthio and tert-butylthio, pref- 
erably a methylthio or emylthio group. 

The protecting group of **the protected amino group" of 
the a group in the above formula (1) or (2) may include 
"an aliphatic acyl group" such as an alkylcarbonyl group, 
e.g., formyl, acetyl, propionyl, butyryl, isobutyryl, pen- 
tanoyl, pivaloyl, valeryl, isovaleryl, octanoyl, nonanoyl, 
decanoyl, 3-methylnonanoyl, 8-methylnonanoyl, 3-ethy- 
loctanoyl, 3,7-dimethyloctanoyl, undecanoyl, dode- 
canoyl, tridecanoyl, tetradecanoyl, pentadecanoyl, hexa- 
decanoyl, 1 -methylpentadecanoyl, 

1 4-methylpentadecanoy 1, 13,1 3-dimethyl -tetradecanoyl, 
heptadecanoyl, 15-methylhexadecanoyl, octadecanoyl, 

1- methyl-heptadecanoyl, nonadecanoyl, eicosanoyl and 
heneicosanoyl, a carboxylated alkylcarbonyl group, e.g., 
succinoyl, glutaroyl and adipoyl, a halogeno lower alky- 
lcarbonyl group, e.g., chloroacetyl, dichloroacetyl, 
trichloroacetyl and trifluoroacetyl, a lower alkoxy lower 
alkylcarbonyl group, e.g., methoxyacetyl, and an unsat- 
urated alkylcarbonyl group, e.g., (E)-2-methyl-2- 
buterioyl; 

"an aromatic acyl group" such as an arylcarbonyl group, 
e.g., benzoyl, a-naphthoyl and p-naphthoyl, a halo- 
genoarylcarbonyl group, e.g., 2-bromobenzoyl and 
4-chlorobenzoyl, a lower alkylated arylcarbonyl group, 
e.g., 2,4,6-trimethylbenzoyl and 4-toluoyl, a lower 
alkoxylated arylcarbonyl group, e.g., 4-anisoyl, a car- 
boxylated arylcarbonyl group, e.g., 2-carboxybenzoyl, 
3 -carboxy benzoyl and 4-carboxybenzoyI, a nitrated aryl- 
carbonyl group, e.g., 4-nitro benzoyl and 2-nitrobenzoyl, a 
lower alkoxy carbonylated arylcarbonyl group, e.g., 

2- (methoxycarbonyl)benzoyl and an arylated arylcarbo- 
nyl group, e.g., 4-phenylbenzoyl; 

"a lower alkoxycarbonyl group" such as methoxycarbonyl, 
ethoxycarbonyl, t-butoxycarbonyl and isobutoxycarbo- 
nyl; 

"a lower alkoxycarbonyl group substituted by halogen or a 
tri-lower alkylsilyl group" such as 2,2,2-trichloroethoxy- 
carbonyl and 2-trimethylsilylethoxycarbonyl; 
"an alkenyloxycarbonyl group" such as vinyloxycarbonyl 

and allyloxycarbonyl; and 
"an aralkyloxycarbonyl group wherein said aryl ring may be 
substituted by a lower alkoxy or nitro group" such as 
benzyloxycarbonyl, 4-methoxybenzyloxycarbonyl, 3,4- 
dimethoxybenzyloxycarbonyl, 2 -nitro benzyloxycarbo- 
nyl, and 4-nitro benzyloxy-carbonyl, preferably "the ali- 
phatic acyl group or "the aromatic acyl group", more 
preferably a benzoyl group. 

"The amino group substituted by an aikyl group having 
from 1 to 4 carbon atoms" of R 3 and R 4 or the a group in the 
above formula (1) or (2) may include methylamino, ethy- 
of 60 lamino, propylamino, isopropylamino, butylamino, isobuty- 
lamino, s-butylamino f tert-butylamino, dimethylamino, 
diethy lamino, dipropy lamino, diisopropy lamino, dibuty- 
lamino, diisobuty lamino, di(s-butyl)amino and di(tert-butyl) 
amino, preferably methylamino, ethylamino, dimethy- 
lamino, diethylamino or diisopropylamino. 

"The cyanoalkoxy group having from 1 to 5 carbon 
atoms" of R 3 and R 4 in the above formula (1) represents a 
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group in which the above-described "the alkoxy group 
having from 1 to 4 carbon atoms" is substituted by a cyano 
group, and such a group may include cyanomethoxy, 2-cya- 
noethoxy, 3-cyanopropoxy, 4<yanobutoxy, 3 -cyano- 2 -me - 
thylpropoxy or l-cyanomethyM,l-dimethylmethoxy, pref- 5 
erably a 2-cyanoethoxy group. 

"The alkyl group having from 1 to 4 carbon atoms" of the 
ct group in the above formula (1) or (2) may include methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl and tert- 
butyl, preferably a methyl or ethyl group. 10 

"The halogen atom" of the a group in the above formula 
(1) or (2) may include a fluorine atom, a chlorine atom, a 
bromine atom or an iodine atom, preferably a fluorine atom 
or a chlorine atom. 

The preferred groups of "the purin-9-yl group" and "the 15 
substituted purin-9-yl group" of B in the above formula (1) 
or (2) may include, as a whole, 6-aminopurin-9-yl (i.e., 
adeninyl), 6-aminopurin-9-yl the amino group of which is 
protected, 2,6<iiaminopurin-9-yl, 2-amino-6-chloropurin-9- 
yl, 2-amino-6-chloropurin-9-yi the amino group of which is 20 
protected, 2-amino-6-fluoropurin-9-yl, 2-amino-6-fluoropu- 
rin-9-yl the amino group of which is protected, 2-amino-6- 
bromopurin-9-yl, 2-amino-6-bromopurin-9-yl the amino 
group of which is protected, 2-amino-6-hydroxypurin-9-yl 
(i.e., guaninyl), 2-amino-6-hydroxypurin-9-yl the amino 25 
group of which is protected, 2-amino-6-hydroxypurin-9-yl 
the amino and hydroxyl groups of which are protected, 
6-amino-2-methoxypurin-9-yl, 6-amino-2-chJoropurin-9-yl, 
6-amino-2-fluoropurin-9-yl, 2,6-dimethoxypurin-9-yl, 2,6- 
dichloropurin-9-yl or 6-mercaptopurin-9-yl, more prefer- 30 
ably a 6-benzoylaminopurin-9-yl, adeninyl, 2-isobutyry- 
lamino-6-hydroxypurin-9-yl or guaninyl group. 

The preferred groups of "the 2-oxo-pyrimidin-l-yl group" 
and "the substituted 2-oxo-pyrimidin-l-yl group" of B in the 
above formula (1) or (2) may include, as a whole, 2-oxo- 35 
4-amino-pyrimidin-l-yl (i.e., cytosinyl), 2-oxo-4-amino-py- 
rimidin-l-yl the amino group of which is protected, 2-oxo- 
4-amino-5-fluoro-pyrirnidin-l -yl, 2-oxo-4-amino-5-fluoro- 
pyrimidin-l-yl the amino group of which is protected, 
4-aniino-2-oxo-5-chloro-pyrimidin-l-yl, 2-oxo-4-methoxy- 40 
pyrimidin-l-yl, 2-oxo-4-mercapto-pyrimidin-l-yl, 2-oxo-4- 
hydroxy-pyrimidin-1 -yl (i.e., uracinyl), 2-oxo-4-hydroxy-5- 
memylpyrimidin-l-yl (i.e., thyminyl) or 4- amino- 5 -methy 1- 
2^xo-pyrimidin-l-yl (i.e., 5-methylcytosinyl) group, more 
preferably 2-oxo-4-benzoylamino-pyrimidin-l -yl, cytosi- 45 
nyl, thyminyl, uracinyl, 2-oxo-4-benzoylamino-5-methyl- 
pyrimidin-1 -yl or 5-methylcytosinyl group. "The nucleoside 
analogue" refers to a non-natural type of "nucleoside" in 
which a purine or pyrimidine group is attached to a sugar. 

"The oligonucleotide analogue" refers to a non-natural 50 
type of "oligonucleotide" derivative in which from 2 or 
more and up to 100 and preferably 2 to 50 and more 
preferably 10 to 30 "nucleosides", which may be the same 
or different, are bonded through a phosphodiester bond and 
such analogues may preferably include sugar derivatives in 55 
which the sugar moiety is modified; thioate derivatives in 
which the phosphodiester bond moiety is thioated (phos- 
phorothioate bond); ester products in which a terminal 
phosphate moiety is esterified; and amide products in which 
an amino group on a purine base is amidated, more prefer- 60 
ably the sugar derivatives in which the sugar moiety (ribose 
or deoxyribose) is modified and the thioate derivatives in 
which the phosphodiester moiety is thioated. 

Naturally occurring oligonucleotides are those which 
occur in nature, for example, ribose and deoxyribose phos- 65 
phodiester oligonucleotides having adenine, guanine, 
cytosine, thymine and uracil nucleobases. As used herein, 



"oligonucleotide analogues" are oligonucleotides that con- 
tain modified sugar, intemucleoside linkage and/or nucleo- 
base moieties. Such oligonucleotide analogs are typically 
structurally distinguishable from, yet functionally inter- 
changeable with, naturally occurring or synthetic wild type 
oligonucleotides. Thus, non-naturally occurring oligonucle- 
otides include all such structures which function effectively 
to mimic the structure and/or function of a desired RNA or 
DNA strand, for example, by hybridizing to a target. 

The nucleosides other than formula (2) in the oligonucle- 
otide analogues of the present invention are any of the 
known nucleosides or not yet known nucleosides that are 
functionally interchangeable with naturally-occurring 
nucleosides. Preferably such nucleosides have the structure 
of a nucleobase and a sugar defined as follows. 

Representative nucleobases include adenine, guanine, 
cytosine, uracil, and thymine, as well as other non-naturally 
occurring and natural nucleobases such as xanthine, hypox- 
anthine, 2-aminoadenine, 6-methyl and other alkyl deriva- 
tives of adenine and guanine, 2-propyl and other alkyl 
derivatives of adenine and guanine, 5 -halo uracil and 
cytosine, 6-azo uracil, cytosine and thymine, 5 -uracil 
(pseudo uracil), 4-thiouracil, 8- halo, oxa, amino, thiol, 
thioalkyl, hydroxyl and other 8-substituted adenines and 
guanines, 5-trifluoromethyl and other 5 -substituted uracils 
and cytosines, 7-methylguanine. Further naturally and non 
naturally occurring nucleobases include those disclosed in 
U.S. Pat. No. 3,687,808 (Merigan, et al.), in chapter 15 by 
Sanghvi, in Antisense Research and Application, Ed, S. T. 
Crooke and B. Lebleu, CRC Press, 1993, in Englisch et al., 
Angewandte Chemie, International Edition, 1991, 30, 613- 
722 (see especially pages 622 and 623, and in the Concise 
Encyclopedia of Polymer Science and Engineering, J. I. 
Kroschwitz Ed., John Wiley & Sons, 1990, pages 858-859, 
and Cook, Anti-Cancer Drug Design, 1991, 6, 585-607, 
each of which publications are hereby incorporated by 
reference in their entirety). The term "nucleosidic base" is 
further intended to include heterocyclic compounds that can 
serve as like nucleosidic bases including certain Universal 
bases" that are not nucleosidic bases in the most classical 
sense but serve as nucleosidic bases. Especially mentioned 
as a universal base is 3-nitropyrrole. 

Preferred 2'-groups of the sugar include H, OH, F, and 
O — , S — , or N-alkyl groups. One particularly preferred 
group includes 2 I -methoxyethoxy[2 , — O — CH 2 CH 2 OCH 3 , 
also known as 2*— O— (2-methoxyethyl) or 2'-MOE] (Mar- 
tin et al. , Helv. Chim. Acta, 1995, 78, 486), i.e., an 
alkoxyalkoxy group. A further preferred modification 
includes 2'-dimemylarninooxyethoxy, i.e., a 0(CH) 2 ON 
(CH 3 ) 2 group, also known as 2'-DMAOE, as described in 
U.S. Pat. No. 6,127,533, the entire contents of which are 
herein incorporated by reference. Other preferred modifica- 
tions include 2*-methoxy (2* — O — CH 3 ) and 2'-aminopro- 
poxy (2'— OCH 2 CH 2 CH 2 NH 2 ). 

Sugars of nucleosides having O-substitutions on the ribo- 
syl ring are also amenable to the present invention. Repre- 
sentative substitutions for ring O include S, CH 2 , CHF, and 
CF^ see, e.g., Secrist, et al., Abstract 21, Program & 
Abstracts, Tenth International Roundtable, Nucleosides, 
Nucleotides and their Biological Applications, Park City, 
Utah, Sep. 16-20, 1992, which is hereby incorporated by 
reference in its entirety. 

Intemucleoside linkages may be any of the known inter- 
nucleoside linkages, or may be any intemucleoside linkage 
not yet known that can be incorporated into an oligonucle- 
otide according to synthetic chemistry with which the pro- 
cess according to the invention is compatible. In certain 
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preferred embodiments, the other internucleoside linkages 
are phosphodiester or phosphorothioate linkages. In the case 
of phosphorothioate internucleoside linkages, the linkages 
may be phosphorothioate mixed enantiomers or stereoregu- 
lar phosphorothioates (see Iyer et ah, Tetrahedron Asymme- 5 
try 6: 1051-1054 (1995). 

Additional modifications may also be made at other 
positions on the oligonucleotide, particularly the 3 1 position 
of the sugar, on the 3 1 terminal nucleotide and the 5' position 
of 5' terminal nucleotide. For example, one additional modi- 10 
fication of the oligonucleotides of the present invention 
involves chemically linking to the oligonucleotide one or 
more moieties or conjugates which enhance the activity, 
cellular distribution or cellular uptake of the oligonucle- 
otide. Such moieties include but are not limited to lipid 15 
moieties such as a cholesterol moiety (Letsinger et al., Proc. 
Natl. Acad. Sci. USA, 1989, 86, 6553), cholic acid (Mano- 
haran et al., Bioorg. Med, Chem. Lett., 1994, 4, 1053), a 
thioether, e.g., hexyl-S-tritylthiol (Manoharan et al., Ann. 
NY. Acad. Sci. t 1992, 660, 306; Manoharan et al., Bioorg. 20 
Med. Chem. Let., 1993, 3, 2765), a thiocholesterol (Ober- 
hauser et al., Nucl. Acids Res., 1992, 20, 533), an aliphatic 
chain, e.g., dodecandiol or undecyl residues (Saison-Beh- 
moarasetal.^MBOy., 1991, 10, 111; Kabanov et al„ 
Lett., 1990, 259, 327; Svinarchuket al., 1993,75, 25 

49), a phospholipid, e.g., di- hexadecyl-rac-glycerol or tri- 
ethylammonium 1 ,2-di-0-hexadecyl-rac-glycero-3-H-phos- 
phonate (Manoharan et al., Tetrahedron Lett., 1995, 36, 
3651; Shea et al., Nucl. Acids Res., 1990, 18, 3777), a 
polyamine or a polyethylene glycol chain (Manoharan et al., 30 
Nucleosides & Nucleotides, 1995, 14, 969), or adamantane 
acetic acid (Manoharan et al., Tetrahedron Lett., 1995, 36, 
3651), a palmityl moiety (Mishra et al., Biochim. Biophys. 
Acta, 1995, 1264, 229), or an octadecylamine or hexy- 
lamino-carbonyl- oxycholesterol moiety (Crooke et al., J. 35 
Pharmacol Exp. Then, 1996, 277, 923). 

Non-limiting examples of nucleosides other than of the 
formula (2) are as follows: adenosine, guanos ine, cytidine, 
5-methyIcytidine, uridine, 5-methyluridine, inosine, 5-(l- 
propynyl)cytidine, 5-(l-propynyl)uridine, 2'-deoxyadenos- 40 
ine, 2'-deoxyguanosine, 2'-deoxycytidine, 5-methyl-2'- 
deoxycytidine, 2'-deoxyiiridine,mymidine, 2'-deoxyinosine, 
2'-deoxy-5-(l-propynyl)cytidine, 2 , -deoxy-5-(l-propynyl) 
uridine, 2'-0-methyladenosine, 2'-0-methylguanosine, 2 ? -0- 
methylcytidine, 5-methyl-2 f -0-methylcytidine, 2 , -0-methy- 45 
luridine^-methyl^^-methyluridine, 2'-0-methylinosine, 
5-(l -propynyl>2'-0-methylcytidine, 5-(l-propynyl)-2'-0- 
methyluridine, 2 , -0-alIyIadenosine, 2 , -0-allylguanosine, 
2'-0-allylcytidine, 5-methyl-2 ! -0*allylcytidine, 2'-0-allylu- 
ridke,5-memyl-2'-0-allyluridine, 2'-0-allyl inosine, 5-(l- 50 
propynyO^'-O-allylcytidine, 5-(l-propynyl)-2'-0-allyluri- 
dine, 2 f -0-propargyladenosine, 2'-0-propargylguanosine, 
2 t -0-propargyIcytidine, S-methyl^'-O-propargylcytidine, 
2 , -0-propargyluriaine,5-memyl-2 , -0-propargyluridine, 
2'-0-propargyllinosine, 5-(l-propynyl)-2'-0-propargylcyti- 55 
dine, 5-(l -propynyO-Z-O-allyluridine, 2 f -0-(2-methoxy- 
ethyljadenosine, 2 , -0-(2-methoxyethyl)guanosine, 2'-0-(2- 
memoxyethyl)cytidine, 5-methyl-2 , -0-(2-methoxyethyl) 
cytidine, 2'-0-(2-methoxyethyl)uridine, 5 -methyl -2 f -0-(2- 
methoxyemyl)uridine, 2 , -0-(2-methoxyethyl) inosine, 5-(l- 60 
propynyl)-2 t -0-(2-methoxyethyl)cytidine ) 5-(l -propyny 1)- 
2'-0-(2-methoxyethyl)uridine, 2'-0-(2- 
dimemylaminooxyethyl)adenosine, 2'-0-(2- 
dimemylaminooxyethyl)guanosine, 2'-0-(2- 
dimethylaminooxyethyl)cytidine, 5-methyl-2'-0-(2- 65 

dimemylaminooxyethyl)cytidine, 2'-0-(2- 
duriemylanimooxyethyl)uridine,5-methyl-2 , -0-(2- 



dimethylaminooxyethyl) uridine, 2*-0-(2- 

dimethylaminooxyethyl)inosine, 5-(l -propyny O-^-O-^- 
dimemylaminooxyethyl)cytidine, 5-(l -propynyl)-2'-0-(2- 
dimetoylammooxyethyljuridine, 2 , -fluoro-2 r - 
deoxyadenosine, 2*-fluoro-2 , -deoxyguanosine, 2 , -fluoro-2'- 
deoxycytidine, 5-methyl-2'-fluoro-2 , -deoxycytidine, 
2'-fluoro-2'-deoxyuridine, 5 -methyl -2 t -fluoro-2 , -deoxyuri- 
dine, 2 , -fluoro-2 , -deoxyinosine, S-O-propynyO-^-fluoro-^- 
deoxyuridine, 5 -( 1 -propyny l)-2 , -fiuoro-2 , -deoxyuridine, 
2'-amino-2 , -deoxyadenosine, 2'-amino-2'-deoxyguanosine, 
2 , -amino-2'-deoxycytidine, S-memyl-^-aniino-^-deoxycy- 
tidine, 2 l -amino-2'-deoxyuridine, 5 -methyl -2' -amino -2'- 
deoxyuridine, 2 , -amino-2'-deoxyinosine, 5-(l -propynyl)-2 t - 
amino^'-deoxyuridine, and 5-(l -propyny l)-2'-amino-2'- 
deoxyuridine. 

In some preferred embodiments of the oligonucleotide 
analogues according to the present invention, several adja- 
cent oligonucleotide analogues comprise two regions, which 
are the first and the second regions. Hereinafter **the first 
region" comprises one or more nucleoside analogues of the 
formula (2) and each nucleoside is connected by a phos- 
phodiester bond; hereinafter the "second region" comprises 
one or more of a 2'-deoxynucleoside (e.g., 2'-deoxyadenos- 
ine, 2'-deoxyguanosine, 2 , -deoxycytidine, thymidine, 
2 I -deoxyuridine, 5-substituted-2'-deoxycytidine or 5-substi- 
tuted-2 f -deoxyuridine) and each nucleoside is connected by 
a phosphodiester bond or a phosphorothioate bond. 

In certain particularly preferred oligonucleotide ana- 
logues, the total number of nucleosides is from 5 to 100, 
more preferably 10 to 50, and the oligonucleotide analogues 
comprise the second region whose number of nucleoside 
residues is about half of the total number of nucleoside 
residues flanked on both sides by the first region, whose 
number of nucleoside is about a quarter of the total number 
of nucleoside residues. In this case, each nucleoside of the 
second region is preferably connected by a phosphorothioate 
bond and the bonds between the first region and the second 
region are phosphodiester bonds or phosphorothioate bonds. 

In other certain particularly preferred oligonucleotide 
analogues, the total number of nucleosides is from 5 to 100, 
and the entire oligonucleotide analogue comprises (a) one or 
more of the nucleoside analogues of the formula (2) and one 
or more nucleosides selected from the group consisting of 
(b) a 2 , -deoxynucleoside (e.g. 2'-deoxyadenosine, 2*-deox- 
yguanosine, 2'-deoxycytidine, thymidine, 2 l -deoxyuridine, 
5-substituted-2 t -deoxycytidine or 5-substituted-2'-deoxyuri- 
dine) and (c) a 2'-0-methyl ribonucleoside (e.g., 2'-0- 
methyladenosine, 2'-0-methyIguanosine, 2' -O-methyl cyti- 
dine, 5-methyI-2 , -0-methyluridine, 2'-0-methyluridine, 
5-substituted-2'-0-methylcytidine or 5-substituted-2*-0-me- 
thyluridine). In this case, each every other nucleoside is a 
nucleoside analogue of the formula (2) and the bonds 
between each nucleoside are preferably phosphodiester 
bonds. 

"The salt thereof* refers to salts of the compound (1) of 
the present invention since they can be converted to salts and 
such salts may preferably include inorganic salts for 
example metal salts such as alkali metal salts, e.g., sodium 
salts, potassium salts and lithium salts, alkaline earth metal 
salts, e.g., calcium salts and magnesium salts, aluminum 
salts, iron salts, zinc salts, copper salts, nickel salts and 
cobalt salts; amine salts such as inorganic salts, e.g., ammo- 
nium salts, organic salts, e.g., t-octylamine salts, dibenzy- 
lamine salts, morpholine salts, glucosamine salts, phenylg- 
lycine alkyl ester salts, ethylenediamine salts, 
N-methylglucamine salts, guanidine salts, diethylamine 
salts, triethylamine salts, dicyclohexylamine salts, N,N*- 
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dibenzylethylenediamine salts, chloroprocaine salts, 
procaine salts, diethanol amine salts, N-benzyl-phenethy- 
lamine salts, piperazine salts, tetramethylammonium salts 
and a tris(hydroxymethyl)aininomethane salts; inorganic 
acid salts such as hydrohalogenic acid salts, e.g., hydrof- 5 
Iuoric acid salts, hydrochloric acid salts, hydrobromic acid 
salts and hydroiodic acid salts, nitric acid salts, perchloric 
acid salts, sulfuric acid salts and phosphoric acid salts; 
organic acid salts such as lower alkanesulfonic acid salts, 
e.g., methanesulfonic acid salts, trifluoromethanesulfonic 10 
acid salts and ethanesulfonic acid salts, aryl sulfonic acid 
salts, e.g., benzenesulfonic acid salts and p-toluenesulfonic 
acid salts, acetic acid salts, malic acid salts, rumaric acid 
salts, succinic acid salts, citric acid salts, tartaric acid salts, 
oxalic acid salts and maleic acid salts; and amino acid salts is 
such as glycine salts, lysine salts, arginine salts, ornithine 
salts, glutamic acid salts and aspartic acid salts. 

The modified oligonucleotides or the polynucleotide ana- 
logues of the present invention can be converted to a salt. 
Where the modified oligonucleotides or polynucleotide ana- 20 
logues are to be used as a probe, a primer for starting 
amplification or as intermediates, the salts are any of the 
salts noted above for the salts of the compound (1) of the 
present invention. Where, however, they are to be used as a 
pharmaceutical, the salts should be "pharmacologically 25 
acceptable salts thereof*. The "pharmacologically accept- 
able salts thereof* refers to a salt thereof, and such salts may 
preferably include inorganic salts for example metal salts 
such as alkali metal salts, e.g., sodium salts, potassium salts 
lithium salts, alkaline earth metal salts, e.g., calcium salts 30 
and magnesium salts, aluminum salts, iron salts, zinc salts, 
copper salts, nickel salts and cobalt salts; amine salts such as 
inorganic salts, e.g., ammonium salts, organic salts, e.g., 
t-octylamine salts, dibenzylamine salts, morpholine salts, 
glucosamine salts, phenylglycine alkyl ester salts, ethylene- 35 
diamine salts, N-methylglucamine salts, guanidine salts, 
diethylamine salts, triethylamine salts, dicyclohexylamine 
salts, N,>T -dibenzylethylenediamine salts, chloroprocaine 
salts, procaine salts, diethanolamine salts, N-benzyl-phen- 
ethylamine salts, piperazine salts, tetra-methylammonium 40 
salts and tris(hyoVoxymemyl)aniinomethane salts; inorganic 
acid salts such as hydrohalogenic acid salts, e.g., hydrof- 
luoric acid salts, hydrochloric acid salts, hydrobromic acid 
salts and hydroiodic acid salts, nitric acid salts, perchloric 
acid salts, sulfuric acid salts and phosphoric acid salts; 45 
organic acid salts such as lower alkanesulfonic acid salts, 
e.g., methanesulfonic acid salts, trifluoromethanesulfonic 
acid salts and ethanesulfonic acid salts, aryl sulfonic acid 
salts, e.g., benzenesulfonic acid salts and p-toluenesulfonic 
acid salts, acetic acid salts, malic acid salts, fumaric acid 50 
salts, succinic acid salts, citric acid salts, tartaric acid salts, 
oxalic acid salts and maleic acid salts; and amino acid salts 
such as glycine salts, lysine salts, arginine salts, ornithine 
salts, glutamic acid salts and aspartic acid salts. 

'lhe term "strand displacement** relates to a process 55 
whereby an oligonucleotide binds to its complementary 
target sequence in a double stranded DNA or RNA so as to 
displace the other strand from said target strand. 

Several diagnostic and molecular biology procedures 
have been developed that utilize panels of different oligo- 60 
nucleotides to simultaneously analyze a target nucleic acid 
for the presence of a plethora of possible mutations. Typi- 
cally, the oligonucleotide panels are immobilized in a pre- 
determined pattern on a solid support such that the presence 
of a particular mutation in the target nucleic acid can be 65 
revealed by the position on the solid support where it 
hybridizes. One important prerequisite for the successful use 



of panels of different oligonucleotides in the analysis of 
nucleic acids is that they are all specific for their particular 
target sequence under the single applied hybridization con- 
dition. Since the affinity and specificity of standard oligo- 
nucleotides for their complementary target sequences 
depend heavily on their sequence and size this criteria has 
been difficult to fulfill so far. 

In a preferred embodiment of the present invention, 
therefore, oligonucleotide analogues are used as a means to 
increase affinity and/or specificity of the probes and as a 
means to equalize the affinity of different oligonucleotides 
for their complementary sequences. As disclosed herein 
such affinity modulation can be accomplished by, e.g., 
replacing selected nucleosides in the oligonucleotide with an 
nucleoside of formula (2) carrying a similar nucleobase. 

In another preferred embodiment of the present invention, 
the high affinity and specificity of oligonucleotide analogues 
is exploited in the sequence specific capture and purification 
of natural or synthetic nucleic acids. In one aspect, the 
natural or synthetic nucleic acids are contacted with oligo- 
nucleotide analogues immobilized on a solid surface. In this 
case hybridization and capture occurs simultaneously. The 
captured nucleic acids may be, for instance, detected, char- 
acterized, quantified or amplified directly on the surface by 
a variety of methods well known in the art or it may be 
released from the surface, before such characterization or 
amplification occurs, by subjecting the immobilized, modi- 
fied oligonucleotide and captured nucleic acid to dehybrid- 
izing conditions, such as, for example, heat or by using 
buffers of low ionic strength. 

The solid support may be chosen from a wide range of 
polymer materials such as, for instance, CPG (controlled 
pore glass), polypropylene, polystyrene, polycarbonate or 
polyethylene and it may take a variety of forms such as, for 
instance, a tube, a microtiter plate, a stick, a bead, a filter, 
etc. The oligonucleotide analogues may be immobilized to 
the solid support via its 5 ? or 3 f end (or via the terminus of 
linkers attached to the 5' or 3' end) by a variety of chemical 
or photochemical methods usually employed in the immo- 
bilization of oligonucleotides or by non-covalent coupling 
such as for instance via binding of a biotinylated oligonucle- 
otide analogues to immobilized streptavidin. One preferred 
method for immobilizing oligonucleotide analogues on dif- 
ferent solid supports is a photochemical method using a 
photochemically active anthraquinone covalently attached 
to the 5* or 3* end of the oligonucleotide analogues (option- 
ally via linkers) as described in WO 96/31557. Thus, the 
present invention also provides a surface carrying an oligo- 
nucleotide analogue. 

In another aspect, the oligonucleotide analogue carries a 
ligand covalently attached to either the 5' or 3 ! end In this 
case the oligonucleotide analogue is contacted with natural 
or synthetic nucleic acids in solution whereafter the hybrids 
formed are captured onto a solid support carrying molecules 
that can specifically bind the ligand 

In still another aspect, oligonucleotide analogues capable 
of performing "strand displacement" are used in the capture 
of natural and synthetic nucleic acids without prior dena- 
turation. Such modified oligonucleotides are particularly 
useful in cases where the target sequence is difficult or 
impossible to access by normal oligonucleotides due to the 
rapid formation of stable intramolecular structures. 

Examples of nucleic acids containing such structures are 
rRNA, tRNA, snRNA and scRNA. 

In another preferred embodiment of the present invention, 
oligonucleotide analogues designed with the purpose of high 
specificity are used as primers in the sequencing of nucleic 
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acids and as primers in any of the several well known 
amplification reactions, such as the PCR reaction. As shown 
herein, the design of the oligonucleotide analogues deter- 
mines whether it will sustain a exponential or linear target 
amplification. The products of the amplification reaction can 5 
be analyzed by a variety of methods applicable to the 
analysis of amplification products generated with normal 
DNA primers. In the particular case where the oligonucle- 
otide analogue primers are designed to sustain a linear 
amplification the resulting amplicons will carry single 10 
stranded ends that can be targeted by complementary probes 
without denaturation. 

Such ends could for instance be used to capture amplicons 
by other complementary oligonucleotide analogues attached 
to a solid surface. is 

In another aspect, oligonucleotide analogues capable of 
"strand displacement" are used as primers in either linear or 
exponential amplification reactions. The use of such oligos 
is expected to enhance overall amplicon yields by effectively 
competing with amplicon re-hybridization in the later stages 20 
of the amplification reaction. Demers, et al. (Nucl. Acid Res., 
1995, Vol 23, 3050-3055) discloses the use of high-affinity, 
non-extendible oligos as a means of increasing the overall 
yield of a PCR reaction. It is believed that the oligomers 
elicit these effect by interfering with amplicon re-hybridiza- 25 
tion in the later stages of the PCR reaction. It is expected that 
oligonucleotide analogue blocked at their 3' end will provide 
the same advantage. Blocking of the 3' end can be achieved 
in numerous ways like for instance by exchanging the 3 1 
hydroxyl group with hydrogen or phosphate. Such 3' 30 
blocked oligonucleotide analogues can also be used to 
selectively amplify closely related nucleic acid sequences in 
a way similar to that described by Yu et al. {Biotechniques, 
1997, 23, 714-716). 

In recent years, novel classes of probes that can be used 35 
in, for example, real-time detection of amplicons generated 
by target amplification reactions have been invented. 

One such class of probes have been termed "Molecular 
Beacons". These probes are synthesized as partly self- 
complementary oligonucleotides containing a fluorophor at 40 
one end and a quencher molecule at the other end. When free 
in solution, the probe folds up into a hairpin structure 
(guided by the self-complimentary regions) which positions 
the quencher in sufficient closeness to the fluorophor to 
quench its fluorescent signal. Upon hybridization to its target 45 
nucleic acid, the hairpin opens thereby separating the fluo- 
rophor and quencher and giving off a fluorescent signal. 

Another class of probes have been termed *Taqman 
probes". These probes also contain a fluorophor and a 
quencher molecule. Contrary to the "Molecular Beacons", 50 
however, the ability of the quenchers to quench the fluores- 
cent signal from the fluorophor is maintained after hybrid- 
ization of the probe to its target sequence. Instead, the 
fluorescent signal is generated after hybridization by physi- 
cal detachment of either the quencher or the fluorophor from 55 
the probe by the action of the 5*0 exonuclease activity of a 
polymerase which has initiated synthesis from a primer 
located 5' to the binding site of the Taqman probe. 

High affinity for the target site is an important feature in 
both types of probes and consequently such probes tends to 60 
be fairly large (typically 30 to 40 mers). As a result, 
significant problems are encountered in the production of 
high quality probes. 

In a preferred embodiment, therefore, the oligonucleotide 
analogue is used to improve production and subsequent 65 
performance of "Taqman probes" and "Molecular Beacons" 
by reducing their size, whilst retaining the required affinity. 



In a further aspect, the oligonucleotide analogues are used 
to construct new affinity pairs (either fully or partially 
modified oligonucleotides). The affinity constants can easily 
be adjusted over a wide range and a vast number of affinity 
pairs can be designed and synthesized. 

One part of the affinity pair can be attached to the 
molecule of interest (e.g., proteins, amplicons, enzymes, 
polysaccharides, antibodies, haptens, peptides, PNA, etc.) 
by standard methods, while the other part of the affinity pair 
can be attached to e.g., a solid support such as beads, 
membranes, microtiter plates, sticks, tubes, etc. The solid 
support may be chosen from a wide range of polymer 
materials such as for instance polypropylene, polystyrene, 
polycarbonate or polyethylene. The affinity pairs may be 
used in selective isolation, purification, capture and detec- 
tion of a diversity of the target molecules mentioned above. 

The principle of capturing oligonucleotide analogue by 
ways of interaction with another complementary oligonucle- 
otide analogue (either fully or partially modified) can be 
used to create an infinite number of novel affinity pairs. 

In another preferred embodiment, the high affinity and 
specificity of the oligonucleotide analogues are exploited in 
the construction of probes useful in in-situ hybridization. 
For instance, an oligonucleotide analogue could be used to 
reduce the size of traditional DNA probes, whilst maintain- 
ing the required affinity thereby increasing the kinetics of the 
probe and its ability to penetrate the sample specimen. The 
ability of the oligonucleotide analogues to "strand displace" 
double stranded nucleic acid structures are also of consid- 
erable advantage in in-situ hybridization, because it facili- 
tates hybridization without prior denaturation of the target 
DNA/RNA. 

The present invention also provides a kit for the isolation, 
purification, amplification, detection, identification, quanti- 
fication, or capture of natural or synthetic nucleic acids, 
wherein the kit comprises a reaction body and one or more 
oligonucleotide analogues as defined herein. The oligo- 
nucleotide analogues are preferably immobilized onto said 
reaction body (e.g., by using the immobilizing techniques 
described above). 

For the kits according to the invention, the reaction body 
is preferably a solid support material, e.g., selected from 
borosilicate glass, soda-lime glass, polystyrene, polycarb- 
onate, polypropylene, polyethylene, polyethyleneglycol 
terephthalate, polyvinyl acetate, polyvinylpyrrolidinone, 
polymethylmethacrylate and polyvinylchloride, preferably 
polystyrene and polycarbonate. The reaction body may be in 
the form of a specimen tube, a vial, a slide, a sheet, a film, 
a bead, a pellet, a disc, a plate, a ring, a rod, a net, a filter, 
a tray, a microtiter plate, a stick, or a multi-bladed stick. 

The kits are typically accompanied by a written instruc- 
tion sheet stating the optimal conditions for the use of the kit. 

"Antigene activity*' is the ability to inhibit gene expres- 
sion by forming a triplex with a DNA duplex. "Antisense 
activity" is the ability to inhibit gene expression by forming 
a duplex with a sense sequence. A triplex with a DNA duplex 
means the state that an oligonucleotide fits into the groove 
of a DNA duplex strand, known as a "major groove". 

The oligonucleotides of the present invention can be used 
in diagnostics, therapeutics and as research reagents and 
kits. They can be used in pharmaceutical compositions by 
including a suitable pharmaceutical ly acceptable diluent or 
carrier. They further can be used for treating organisms 
having a disease characterized by the undesired production 
of a protein. The organism should be contacted with an 
oligonucleotide having a sequence that is capable of spe- 
cifically hybridizing with a strand of nucleic acid coding for 
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the undesirable protein. Treatments of this type can be Shiohara et ah, Arch. Dermatol, 1989, 125, 1371; Regezi et 

practiced on a variety of organisms ranging from unicellular al., Oral Surg. Oral Med. Oral Pathol., 1996, 81, 682). 

prokaryotic and eukaryotic organisms to multicellular Moreover, intraperitoneal administration of a monoclonal 

eukaryotic organisms. Any organism that utilizes DNA- antibody to ICAM-1 decreases ovalbumin- induced eosino- 

RNA transcription or RNA-protein translation as a funda- 5 phil infiltration into skin in mice (Hakugawa et al, J. 

mental part of its hereditary, metabolic or cellular control is Dermatol., 1997, 24, 73). Antisense compounds targeted to 

susceptible to therapeutic and/or prophylactic treatment in ICAM-1 are described in U.S. Pat. Nos. 5,514,788, 5,591, 

accordance with the present invention. Seemingly diverse 623 and 6,111,094. 

organisms such as bacteria, yeast, protozoa, algae, all plants Other antisense targets for skin inflammatory disorders 
and all higher animal forms, including warm-blooded ani- 10 are VCAM-1 and PECAM-1. Intraperitoneal administration 
mals, including humans, can be treated. Further, each cell of of a monoclonal antibody to VCAM-1 decreases ovalbumin- 
multicellular eukaryotes can be treated, as they include both induced eosinophil infiltration into the skin of mice 
DNA-RNA transcription and RNA-protein translation as (Hakugawa et al., J. Dermatol, 1997, 24, 73). Antisense 
integral parts of their cellular activity. Furthermore, many of compounds targeted to VCAM-1 are described in U.S. Pat. 
the organelles (e.g., mitochondria and chloroplasts) of 15 Nos. 5,514,788 and 5,591,623. PECAM-1 proteins are gly- 
eukaryotic cells also include transcription and translation coproteins which are expressed on the surfaces of a variety 
mechanisms. Thus, single cells, cellular populations or of cell types (for reviews, see Newman, J. Clin. Invest, 
organelles can also be included within the definition of 1997, 99, 3 and DeLisser et al., Immunol. Today, 1994, 15, 
organisms that can be treated with therapeutic or diagnostic 490). In addition to directly participating in cell-cell inter- 
oligonucleotides. 20 actions, PECAM-1 apparently also regulates the activity 

Some representative therapeutic indications and other and/or expression of other molecules involved in cellular 

uses for the compounds of the invention are as follows: interactions (Litwin et al., J. Cell Biol, 1997, 139, 21 9) and 

One of the most significant health problems is the inad- is thus a key mediator of several cell: cell interactions, 

equate treatment of pain. The impact of pain places great Antisense compounds targeted to PECAM-1 are described 

burden in economic terms as well as in human suffering. 25 in U.S. Pat. No. 5,955,443. 

Neuropathic pain is one of the most difficult pains to treat Another type of therapeutic indication of interest for using 

and cure. The primary site of this abnormal and ectopic site oligonucleotides of the present invention encompasses a 

is the dorsal root ganglion (DRG) of the injured site. In the variety of cancers of the skin. Representative skin cancers 

DRG, two main types of sodium currents, termed TTX- include benign tumors (warts, moles and the like) and 

sensitive and TTX-resistant, have been identified. The 30 malignant tumors such as, for example, basal cell carci- 

blockage of the sodium channel PN3/SNS, which is TTX- noma, squamous cell carcinoma, malignant melanoma, Pag- 

resistant, is a candidate for pain relief. Antisense compounds efs disease, Kaposi's sarcoma and the like {The Merck 

targeted to PN3/SNS are described in Porreca et al. Proc. Manual of Diagnosis and Therapy, 15th Ed., pp. 2301-2310, 

Natl Acad. Sci. 1999, 96, 7640-7644. Berkow et al., eds., Rahway, N.J., 1987). A number of 

Another therapeutic indication of particular interest with 35 molecular targets involved in tumorigenesis, maintenance of 

respect to the present invention is psoriasis. Psoriasis is a the hyperproliferative state and metastasis are targeted to 

common chronic and recurrent disease characterized by dry, prevent or inhibit skin cancers, or to prevent their spread to 

well -circumscribed, silvery, scaling papules and plaques of other tissues. 

various sizes. The disease varies in severity from a few The ras oncogenes are guanine-binding proteins that have 

lesions to widespread dermatosis with disabling arthritis or 40 been implicated in cancer by, e.g., the fact that activated ras 

exfoliation. The ultimate cause of psoriasis is presently not oncogenes have been found in about 30% of human tumors 

known, but the thick scaling that occurs is probably due to generally; this figure approached 100% in carcinomas of the 

increased epidermal cell proliferation (The Merck Manual of exocrine pancreas (for a review, see Downward, Trends in 

Diagnosis and Therapy, 15th Ed., pp. 2283-2285, Berkow et Biol Sci., 1990, 15, 469). Antisense compounds targeted to 

al., eds., Rahway, N.J., 1987). Inhibitors of Protein Kinase 45 H-ras and K-ras are described in U.S. Pat. No. 5,582,972 to 

C (PKC) have been shown to have both antiproliferative and Lima et al., U.S. Pat. No. 5,582,986 to Monia et al. and U.S. 

anti-inflammatory effects in vitro. Some antipsoriasis drugs, Pat. No. 5, 661,134 to Cook et al., and in published PCT 

such as cyclosporin A and anthralin, have been shown to application WO 94/08003. 

inhibit PKC, and inhibition of PKC has been suggested as a Protein Kinase C (PKC) proteins have also been impli- 

therapeutic approach to the treatment of psoriasis (Hege- 50 cated in tumorigenesis. Antisense compounds targeted to 

mann, L. and G. Mahrle, Pharmacology of the Skin, H. Protein Kinase C (PKC) proteins are described in U.S. Pat. 

Mukhtar, ed., pp. 357-368, CRC Press, Boca Raton, Fla., No. 5,620,963 to Cook et al. and U.S. Pat. No. 5,681,747 to 

1992). Antisense compounds targeted to Protein Kinase C Boggs et al. Also of interest are AP-1 subunits and JNK 

(PKC) proteins are described in U.S. Pat. No. 5,620,963 to proteins, particularly in regard to their roles in tumorigenesis 

Cook et al. and U.S. Pat. No. 5,681,747 to Boggs et al. 55 and metastasis. The process of metastasis involves a 

A further therapeutic indication of interest to the present sequence of events wherein (1) a cancer cell detaches from 

invention are inflammatory disorders of the skin. These its extracellular matrices, (2) the detached cancer cell 

occur in a variety of forms including, for example, lichen migrates to another portion of an animal's body, often via 

planus, toxic epidermal necrolyis (TEN), ertythema multi- the circulatory system, and (3) attaches to a distal and 

forme and the like (The Merck Manual of Diagnosis and 60 inappropriate extracellular matrix, thereby created a focus 

Therapy, 15th Ed., pp. 2286-2292, Berkow et al., eds., from which a secondary tumor can arise. Normal cells do not 

Rahway, N.J., 1987). Expression of ICAM-1 has been possess the ability to invade or metastasize and/or undergo 

associated with a variety of inflammatory skin disorders apoptosis (programmed cell death) if such events occur 

such as allergic contact dermatitis, fixed drug eruption, (Ruoslahti, Sci Amer., 1996, 275, 72). However, many 

lichen planus and psoriasis (Ho et al., J. Am. Acad. Derma- 65 human tumors have elevated levels of activity of one or 

tol, 1990, 22, 64; Griffiths et al., Am. J. Pathology, 1989, more matrix metalloproteinases (MMPs) (Stetler-Stevenson 

135, 1045; Lisby et al., Br. J. Dermatol, 1989, 120, 479; et al., Annu. Rev. Cell Biol, 1993, 9, 541; Bernhard et al., 
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Proc. Natl. Acad. Sci. (U.S.A.), 1994, 91, 4293. The MMPs 
are a family of enzymes which have the ability to degrade 
components of the extracellular matrix (Birkedal -Hansen, 
Current Op. Biol, 1995, 7, 728). In particular, one member 
of this family, matrix metalloproteinase-9 (MMP-9), is often 5 
found to be expressed only in tumors and other diseased 
tissues (Himelstein et al., Invasion & Metastasis, 1994, 14, 
246). 

Several studies have shown that regulation of the MMP-9 
gene may be controlled by the AP-1 transcription factor 10 
(Kerr et al., Science, 1988, 242, 1242; Kerret al., Cell, 1990, 
61, 267; Gum et al., J. BioL Chem. t 1996, 271, 10672; Hua 
et al., Cancer Res., 1996, 56, 5279). Inhibition of AP-1 
function has been shown to attenuate MMP-9 expression 
(U.S. Pat. No. 5,985,558). AP-1 is a heterodimeric protein 15 
having two subunits, the gene products of fos and jun. 
Ami sense compounds targeted to c-fos and c-jun are 
described in U.S. Pat. No. 5,985,558. 

Furthermore, AP-1 is itself activated in certain circum- 
stances by phosphorylation of the Jun subunit at an amino- 20 
terniinal position by Jun N-terminal kinases (JNKs). Thus, 
inhibition of one or more JNKs is expected to result in 
decreased AP-1 activity and, consequentially, reduced MMP 
expression. Antisense compounds targeted to JNKs are 
described in U.S. Pat. No. 5,877,309. 25 

Infectious diseases of the skin are caused by viral, bac- 
terial or fungal agents. In the case of Lyme disease, the tick 
borne causative agent thereof, the spirochete Borrelia burg- 
dorferi, up-regulates the expression of ICAM-1, VCAM-1 
and ELAM-1 on endothelial cells in vitro (Boggemeyer et 30 
al., CellAdhes. Comm., 1994, 2, 145). Furthermore, it has 
been proposed that the mediation of the disease by the 
anti-inflammatory agent prednisolone is due in part to 
mediation of this up-regulation of adhesion molecules 
(Hurtenbach et al., Int. J. Immunopharmac, 1996, 18, 281). 35 
Thus, potential targets for therapeutic mediation (or preven- 
tion) of Lyme disease include ICAM-1, VCAM-1 and 
ELAM-1 (supra). 

Other infectious disease of the skin which are tractable to 
treatment using the compositions and methods of the inven- 40 
tion include disorders resulting from infection by bacteria], 
viral or fungal agents {The Merck Manual of Diagnosis and 
Therapy, 15th Ed., pp. 2263-2277, Berkow et al., eds., 
Rahway, N.J., 1987). 

With regard to infections of the skin caused by fungal 45 
agents, U.S. Pat. No. 5,691,461 describes antisense com- 
pounds for inhibiting the growth of Candida albicans. 

With regard to infections of the skin caused by viral 
agents, U.S. Pat. Nos. 5,166,195, 5,523,389 and 5,591,600 
concern oligonucleotide inhibitors of Human Immunodefi- 50 
ciency Virus (HIV). U.S. Pat. No. 5,004,810 is directed to 
oligomers capable of hybridizing to herpes simplex virus 
Vmw65 mRNAand inhibiting its replication. U.S. Pat. Nos. 
5,194,428 and 5,580,767 disclose antisense compounds hav- 
ing antiviral activity against influenzavirus. U.S. Pat. No. 55 
4,806,463 relates to antisense compounds and methods 
using them to inhibit HTLV-III replication. U.S. Pat. Nos. 
4,689, 320, 5,442,049, 5,591,720 and 5,607,923 are directed 
to antisense compounds as antiviral agents specific to 
cytomegalovirus (CMV). U.S. Pat. No. 5,242,906 describes 60 
antisense compounds useful in the treatment of latent 
Epstein-Barr virus (EBV) infections. U.S. Pat. Nos. 5,248, 
670, 5, 514,577 and 5,658,891 provide antisense compounds 
useful in the treatment of herpesvirus infections. U.S. Pat. 
Nos. 5,457,189 and 5,681,944 disclose antisense compounds 65 
useful in the treatment of papillomavirus infections. The 
antisense compounds disclosed in the aforesaid U.S. patents, 
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all of which U.S. patents are herein incorporated by refer- 
ence, may be used with (or replaced by) the compositions of 
the present invention to effect prophylactic, palliative or 
therapeutic relief from diseases caused or exacerbated by the 
indicated pathogenic agents. 

Antisense oligonucleotides of the present invention may 
also be used to determine the nature, function and potential 
relationship of various genetic components of the body to 
disease or body states in animals. Heretofore, the function of 
a gene has been chiefly examined by the construction of 
loss-of-function mutations in the gene (i.e., "knock-out" 
mutations) in an animal (e.g., a transgenic mouse). Such 
tasks are difficult, time-consuming and cannot be accom- 
plished for genes essential to animal development, since the 
"knock-out" mutation would produce a lethal phenotype. 
Moreover, the loss-of-function phenotype cannot be tran- 
siently introduced during a particular part of the animars 
life cycle or disease state; the "knock-out" mutation is 
always present. "Antisense knockouts," that is, the selective 
modulation of expression of a gene by antisense oligonucle- 
otides, rather than by direct genetic manipulation, over- 
comes these limitations (see, for example, Albert et al., 
Trends in Pharmacological Sciences, 1994, 15, 250). In 
addition, some genes produce a variety of mRNA transcripts 
as a result of processes such as alternative splicing; a 
"knock-out" mutation typically removes all forms of mRNA 
transcripts produced from such genes and thus cannot be 
used to examine the biological role of a particular mRNA 
transcript Antisense oligonucleotides have been systemi- 
cally adininistered to rats in order to study the role of the 
N-methyl-D-aspartate receptor in neuronal death, to mice in 
order to investigate the biological role of protein kinase C-a, 
and to rats in order to examine the role of the neuropeptide 
Yl receptor in anxiety (Wahlestedt et al., Nature, 1993, 
363:260; Dean et al. , Proc. Natl. Acad. Sci. U.S.A., 1994, 
91:11762; and Wahlestedt et al., Science, 1993, 259:528, 
respectively). In instances where complex families of related 
proteins are being investigated, "antisense knockouts" (i.e., 
inhibition of a gene by systemic administration of antisense 
oligonucleotides) may represent the most accurate means for 
examining a specific member of the family (see, generally, 
Albert et al., Trends Pharmacol. Sci., 1994, 15:250). By 
providing compositions and methods for the simple non- 
parenteral delivery of oligonucleotides and other nucleic 
acids, the present invention overcomes these and other 
shortcomings. 

With the growing insight of the potential biological role 
of triple helical nucleic acids and the therapeutic potential of 
oligonucleotide-directed triplex formation in the control of 
gene expression according to the antigene strategy, research 
in triple helical structure has been considerably stimulated. 
Thus, in the antigene approach, oligonucleotides are targeted 
to the unique gene that specifies a disease-related protein 
and stall transcription by binding to the major groove of the 
doublestranded DNA target. Articles which contain a good 
review of this are Thuong & Mine in Angew. Chem. Int. Ed. 
Engl. (1993) 32, pages 666-690 and "Prospects for the 
Therapeutic Use of Antigene Oligonucleotides", Maher, L. 
J. (1996) Cancer Investigation 14(1), 66-82 each of which 
are hereby incorporated by reference in their entirety. 

A review of the development of the antigene strategies for 
designing drugs that will bind to selected sites on the nucleic 
acids (DNA and RNA) is found in an article by J. S. Cohen 
and M. E. Hogan in Scientific American, December 1994, 
pages 50-55 and in the monograph by Soyfer, V. N. & 
Potaman, V N. (1996). "Triple- helical nucleic acids", 
Springer- Verlag, New York. 
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One of the diseases of interest as an antigene therapeutical 
target is cancer. The type I insulin- like growth factor recep- 
tor (IGF-IR) plays an important role in the maintenance of 
the malignant phenotype of cancer (Rubin, R. & Baeserga, 
R. Lab. Invest. 73, 311(1995) ). A large number of cancers 5 
and cancer-derived cell lines overexpress the IGF-IR (Le- 
Roith, D et al, Endocr. Rev. 16, 143(1995)). Antisense 
expression vectors directed against the IGF-IR have proven 
effective in suppressing tumor growth of C6 rat glioblastoma 
(Baeserga, R. et al, Cancer Res. 54, 2218(1994)), hamster 10 
mesothelioma (Resnicoff, M. et al, Cancer Immunol Immu- 
nother. 42, 64(1996)), and rat prostate cancer (Pass, H. et al, 
Cancer Res. 56, 4044(1996)). An antigene molecule 
expressed in rat C6 glioblastoma cells inhibited IGF-I tran- 
scription and tumorigenic potential of the cell (Rininsland, 15 
F. et al, Proc. Natl. Acad. Set. USA 94, 5854(1997)). A 
compound inhibiting the expression of IGF-IR by means of 
antigene activity would be a medicament for the above 
described types of cancer. 

Antigene drugs can be used to treat the following dis- 20 
eases: 
Anti-virus 

HIV (Giovannangeli, C. et al., Proc. Natl. Acad. Sci. USA, 

(1992) 89, 8631-8635) 
Anti-cancer 25 
human multidrug-resistance mdri gene 
(Morassutti, C. et al., Antisense Nucleic Acid Drug Dev, 

(1999) 9, 261-270) 
human HER-2/neu gene 

(Ebbinghaus, S. W. et al., Biochemistry, (1999) 38, 619- 30 
628) 

human c-myc gene 

(Catapano, C. V. et al., Biochemistry, (2000) 39, 5126- 
5138) 

Of the compounds (1 ) and the salts thereof of the present 35 
invention, preferred compounds include the following: 

(1) compounds in which R 1 is a hydrogen atom, an aliphatic 
acyl group, an aromatic acyl group, a methyl group 
substituted by from 1 to 3 aryl groups, a methyl group 
substituted by from 1 to 3 aryl groups the aryl ring of 40 
which is substituted by a lower alkyl, lower alkoxy, 
halogen or cyano group, or a silyl group, and salts thereof; 

(2) compounds in which R 1 is a hydrogen atom, an acetyl 
group, a benzoyl group, a benzyl group, a p-methoxyben- 
zyl group, a dimethoxytrityl group, a mono-methoxytrityl 45 
group or a tert-butyldiphenylsilyl group, and salts thereof; 

(3) compounds in which R 2 is a hydrogen atom, an aliphatic 
acyl group, an aromatic acyl group, a methyl group 
substituted by from 1 to 3 aryl groups, a methyl group 
substituted by from 1 to 3 aryl groups the aryl ring of 50 
which is substituted by a lower alky], lower alkoxy, 
halogen or cyano group, a silyl group, a phosphoramidite 
group, a phosphonyl group, a phosphate group or a 
protected phosphate group, and salts thereof; 

(4) compounds in which R 2 is a hydrogen atom, an acetyl 55 
group, a benzoyl group, a benzyl group, a p-methoxyben- 
zyl group, a tert-butyldiphenylsilyl group, 
— P(OC 2 H4CN)(NCH(CH3)2), — P(OCH 3 )(NCH(CH 3 ) 

2), a phosphonyl group or a 2-chlorophenyl or 4-chlo- 
rophenyl phosphate group, and salts thereof; 60 

(5) compounds in which A is a methylene group, and salts 
thereof; 

(6) compounds in which B is a 6-aminopurin-9-yl (i.e., 
adeninyl), 6-aminopurin-9-yl the amino group of which is 
protected, 2,6-diaminopurin-9-yl, 2-amino-6-chloropu- 65 
rin-9-yI, 2-amino-6-chloropurin-9-yl the amino group of 
which is protected, 2-amino-6-fluoropurin-9-yl, 2 -amino- 
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6-fluoropurin-9-yl the amino group of which is protected, 
2-amino-6-bromopurin-9-yl, 2-amino-6-bromopurin-9-yl 
the amino group of which is protected, 2-amino-6-hy- 
droxypurin-9-yl (i.e., guaninyl), 2-amino-6-hydroxypu- 
rin-9-yl the amino group of which is protected, 2 -amino - 
6-hydroxypurin-9-yl the amino group and hydroxyl group 
of which are protected, 6-amino-2-methoxypurin-9-yl, 
6-amino-2-chloropurin-9-yl, 6-amino-2-fluoropurin-9-yl, 
2,6-dimethoxypurin-9-yl, 2,6-dichloropurin-9-yl, 6-mer- 
captopurin-9-yl, 2-oxo-4-aminorpyrimidin-l-yl (i.e., 
cytosinyl), 2-oxo-4-amino-pyrimidin-l-yl the amino 
group of which is protected, 2-oxo-4-amino-5-fluoro- 
pyrimidin- 1 -yl, 2-oxo-4-amino- 5 -fluoro-pyrimidin- 1 -yl 
the amino group of which is protected, 4-amino-2-oxo- 
5-chloro-pyrimidin- 1 -yl, 2-oxo-4-methoxy-pyrimidin-l - 
yl, 2-oxo-4-mercapto-pyrimidin-l-yl, 2 -oxo- 4 -hydroxy- 
pyrimidin-l-yl (i.e., uracinyl), 2-oxo-4-hydroxy-5- 
methylpyrimidin-1 -yl (i.e., thyminyl), 4-amino-5-methyl- 
2-oxo-pyrimidin-l-yl (i.e., 5-methylcytosinyl) group or 
4-amino-5-methyl-2-oxo-pyrimidin-l-yl group the amino 
of which group is protected, and salts thereof; and 
(7) compounds in which B is a 6-benzoylaminopurin-9-yl, 
adeninyl, 2-isobutyrylamino-6-hydroxypurin-9-yl, guani- 
nyl, 2-oxo-4-benzoylammo-pyrimidin-l -yl, cytosinyl, 
2-oxo-5-memyl-4-benzoylammo-pyrimidin-l -yl, 5-meth- 
ylcytosinyl, uracinyl or thyminyl group, and salts thereof. 
The above (1) and (2), (3) and (4) or (6) and (7) indicate 
the more preferred compounds as the number becomes 
larger and in the formula (1), the compound obtained by 
optionally selecting R l from (1) and (2), optionally selecting 
R 2 from (3) and (4), optionally selecting A from (5) and 
optionally selecting B from (6) and (7) or by optionally 
combining them and the salts thereof are preferred and the 
compounds and the salts thereof selected from the following 
groups are particularly preferred. 

Group of compounds: 
2 , -0,4'-C-ethyleneguanosine, 
2 , -0,4 , -C-ethyIeneadenosine, 

3',5 , -di-0-benzyl-2'-0,4 , -C-ethylene-6-N-benzoyladenos- 
ine, 

3 , ,5 , -di-0-benzyl-2'-0,4'-C-ethylene-2-N-isobutyrylgua- 
nosine, 

S'-O-dimethoxytrityl-r-O^'-C-ethylene-e-N-benzoylad- 
enosine, 

5 , -0-dimethoxytrityl-2 , -0,4 , -C-ethylene-2-N-isobu- 

tyrylguanosine, 
2'-0,4 t -C-ethylene-2-N-isobutylguanosine, 
2 , -0,4'-C-ethylene-6-N-benzoyIadenosine, 
5'-0-dimethoxytrityl-2 , -04'-C-ethylene-6-N-benzoylad- 
enosine-3'-0-(2-cyanoethyl N,N-diisopropyl)phosphora- 
midite, 

5 , -0-dimemoxytrityl-2 t -0,4*-C-ethylene-2-N-isobutyrlgua- 
nosine-3'-0-(2-cyanoethyl N,N-diisopropyl)phosphora- 
midite, 
2 , -0,4 , -C-ethy!eneuridine, 
2 , -0,4 t -C-ethylene-5-methyluridine, 
2 l -0,4 , -C-ethylenecytidine, 
2'-0,4 l -C-ethylene-5-methylcytidine, 
S'-O^limethoxytrityl-Z-O^'-C-ethyleneuridine, 
3 , ,5 , -di-0-benzyl-2'-0,4 , -C-ethylene-5-methyluridine, 
S'-O-oUmethoxytrityl-^-O^'-C-emylene-S-methyluridine, 
3^5 , -di-0-benzyl-2 , -0,4 , -C-ethylene-4-N-benzoylcytidine, 
5 , -0-dimethoxytrityl-2 , -0,4 , -C^thylene-4-N-benzoylcyti- 
dine, 

3' 5 5'-di-0-benzyl-2 , -0,4 , -C-ethylene-4-N-benzoyl-5-meth- 
ylcytidine, 
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S'-O-dimethoxytrityl-^-O^'-C-ethylene^-N-benzoyl-S- 

methylcytidine, 
2'-0,4'-C-ethylene-4-N-benzoylcytidine, 
2 , -0,4'-C-ethylene-4-N-benzoyl-5-methylcytidine, 
S'-O-dimethoxytrityl-^-O^'-C-ethylene-S-methylcytidine, 

3'-0-(2-cyanoetnyl N,N-diisopropyl)phosphoramidite, 
S'-O-dimethoxytrityl-^-O^'-C-ethylene^-N-benzoylcyti- 

dine-3'-0-(2-cyanoethyl N,N-diisopropyl)phosphoramid- 

ite, 

S'^^imethoxytrityl-^-O^'-C-ethylene-S-methylcytidine- 
3'-0-(2-cyano N,N-diisopropyl)phosphoramidite, 

S'-O-dimethyoxytrityl-Z-O^'-C-ethylene^-N-benzoyl-S- 
methylcytidine-3'-0-(2-cyano ethyl N,N-diisopropyI) 
phosphoramidite. 

Of the oligonucleotide analogues containing one or two or 
more structures of the formula (2) and the salts thereof of the 
present invention, the preferred compounds may include 

(8) oligonucleotide analogues in which A is a methylene 
group, and pharmacologically acceptable salts thereof, 

(9) oligonucleotide analogues in which B is a 6-aminopurin- 
9-yl (i.e., adeninyl), 6-aminopurin-9-yl the amino group 
of which is protected, 2,6-diaminopurin-9-yl, 2-amino-6- 
chloropurin-9-yl, 2-amino-6-chloropurin-9-yl the amino 
group of which is protected, 2-amino-6-fluoropurin-9-yl ) 
2-amino-6-fluoropurin-9-yl the amino group of which is 
protected, 2-amino-6-bromopurin-9-yl, 2-amino-6-bro- 
mopurin-9-yl the amino group of which is protected, 
2-amino-6-hydroxypurin-9-yl (i.e., guaninyl), 2-amino-6- 
hydroxypurin-9-yl the amino group of which is protected, 
2-amino-6-hydroxypurin-9-yl the amino group and 
hydroxyl group of which are protected, 6-amino-2-meth- 
oxypurin-9-yl, 6-amino-2-chIoropurin-9-yl, 6 -amino -2- 
fluoropurin-9-yl, 2,6-dimemoxypurin-9-yl, 2,6-dichloro- 
purin-9-yl, 6-mercaptopurin-9-yl, 2-oxo-4-amino- 
pyrimidin-l-yl (i.e., cytosinyl), 2-oxo-4-amino- 
pyrimidin-l-yl the amino group of which is protected, 
2-oxo-4-amino-5-fhjoro-pyrimidin-l-yl, 2-oxo-4-amino- 
5-fluoro-pyrimidin-l-yl the amino group of which is 
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protected, 4-amino-2-oxo-5-chloro-pyrimidin-l-yl, 
2-oxo-4-methoxy-pyrimidin- 1 -yl, 2-oxo-4-mercapto-py- 
rimidin-l-yl, 2-oxo-4-hydroxy-pyrimidin-l-yl (i.e., uraci- 
nyl), 2-oxo-4-hydroxy-5-methylpyrimidin-l-yl (i.e., 
thyminyl), 4-amino-5-methyl-2-oxo-pyrimidin-l-yl (i.e., 
5-methylcytosinyl) group or a 4-amino-5-methyl-2-oxo- 
pyrimidin-l-yl group the amino group of which is pro- 
tected, and pharmacologically acceptable salts thereof, 
and 

(10) oligonucleotide analogues in which B is a 6-benzoy- 
laminopurin-9-yl, adeninyl, 2-isobutyrylamino-6-hy- 
droxypurin-9-yl, guaninyl, 2-oxo-4-benzoylamino-pyri- 
midin-l-yl, cytosinyl, 2-oxo-5-methyl-4-benzoylamino- 
pyrimidin-l-yl, 5-methylcytosinyl, uracinyl or thyminyl 
group, and pharmacologically acceptable salts thereof. 
The above (9) and (10) indicate the more preferred 
oligonucleotide analogues as the number becomes larger, 
and in the formula (2), the oligonucleotide analogues 
obtained by optionally selecting A from (8) and optionally 
selecting B from (9) and (10) or optionally combining these 
and the salts thereof are preferred 

The specific compounds included in the compound of the 
above formula (1) of the present invention are illustrated in 
Tables 1 and 2. However, the compounds of the present 
invention are not limited to those. 

In Table 1 and Table 2, Exe. com. num. represents 
Exemplification compound number, Me represents a methyl 
group, Bn represents a benzyl group, Bz represents a ben- 
zoyl group, PMB represents a p-methoxybenzyl group, Tr 
represents a triphenylmethyl group, MMTr represents a 
4-methoxytriphenylmethyl (monomethoxytrityl) group, 
DMTr represents a 4,4 , -dimethoxytriphenylmethyl 
(dimethoxytrityl) group, TMTr represents a 4,4',4"-tri- 
methoxytriphenylmethyl (trimethoxytrityl) group, TMS rep- 
resents a trimethylsilyl group, TBDMS represents a tert- 
butyldimethylsilyl group, TBDPS represents a tert- 
butyldiphenylsilyl group and TIPS represents a 
triisopropylsilyl group. 
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TABLE 1 -continued 
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1-41 


CH 2 


TMS 


II 


OH 


NHCOCH(CH 3 ) 2 


1-42 


CH 3 


TBDMS 


H 


OH 


NHCOCH(CH 3 ) 2 


1-43 


CH 2 


TBDPS 


H 


OH 


NHCOCH(CH 3 ) 2 


1-44 


CH 3 


TIPS 


H 


OH 


NHCOCH(CH 3 ) 2 


1-45 


(CH 2 ) 2 


H 


H 


H 


H 


1-46 


(CH 2 ) 2 


H 


H 


H 


NH 2 


1-47 


(CH 2 ) 2 


H 


H 


H 


OH 


1-48 


(CH 2 ) 2 


H 


H 


OH 


H 


1^9 


(CH 2 ) 2 


H 


H 


OH 


NH 2 


1-50 


(CH 2 ) 2 


H 


H 


OH 


OH 


1-51 


(CH 2 ) 2 


H 


H 


NH 2 


H 


1-52 


(CH 2 ) 2 


H 


H 


NH 2 


NH 2 


1-53 


(CH 2 ) 2 


H 


H 


NH 2 


CI 


1-54 


(CH 2 ) 2 


H 


H 


NH 2 


F 


1-55 


(CH 2 ) 2 


H 


H 


NH 2 


Br 


1-56 


(CH 2 ) 2 


H 


H 


NH 3 


OH 


1-57 


(CH 2 ) 2 


H 


H 


OMc 


H 


1-58 


(CH 2 ) 2 


H 


H 


OMe 


OMe 


1-59 


(CH 2 ) 2 


H 


H 


OMe 


NH 2 


1-60 


(CH 2 ) 2 


H 


H 


CI 


H 


1-61 


(CH 2 ) 2 


H 


H 


Br 


H 


1-62 


(CH 2 ) 2 


H 


H 


F 


H 


1-63 


(CH 2 ) 2 


H 


H 


CI 


CI 


1-64 


(CH2) 2 


H 


H 


SH 


H 


1-65 


(CH 2 ) 2 


Bn 


H 


NHBz 


H 


1-66 


(CH 2 ) 2 


Bn 


H 


OH 


NHCOCH(CH 3 ) 2 


1-67 


(CH 2 ) 2 


Bn 


Bn 


NHBz 


H 


1-68 


(CH 2 ) 2 


Bn 


Bn 


OH 


NHCOCH(CH 3 ) 2 


1-69 


(CH 2 ) 2 


PMB 


H 


NHBz 


H 


1-70 


(CH 2 ) 2 


PMB 


H 


OH 


NHCOCH(CH 3 ) 2 


1-71 


(CH 2 ) 2 


PMB 


PMB 


NHBz 


H 


1-72 


(CH 2 ) 2 


PMB 


PMB 


OH 


NHCOCH(CH 3 ) 2 
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TABLE 1 -continued 



R 3 * 




(D 



num. 


A 


R 1 


R 2 


R* 


R 4 " 


1-73 


(CH 2 ) 2 


Tr 


H 


NHBz 


H 


1-74 


(CH 2 ) 2 


MMTr 


H 


NHBz 


H 


1-75 


(CH 2 ) 2 


DMTr 


H 


NHBz 


H 


1-76 


(CH 2 ) 2 


TMTr 


H 


NHBz 


H 


1-77 


(CH 2 ) 2 


Tr 


H 


OH 


NHCOCH(CH3) 2 


1-78 


(CHa) 2 


MMTr 


H 


OH 


NHCOCH(CH 3 ) 2 


1-79 


(CH 2 ) 2 


DMTr 


H 


OH 


NHCOCH(CH 3 ) 2 


1-80 


(CH 2 ) 2 


TMTr 


H 


OH 


NHCOCH(CH 3 ) 2 


1-81 


(CH 2 ) 2 


TMS 


H 


NHBz 


H 


1-82 


(CH 2 ) 2 


TBDMS 


H 


NHBz 


H 


1-83 


(CH 2 ) 2 


TBDPS 


H 


NHBz 


H 


1-84 


(CH 2 ) 2 


TIPS 


H 


NHBz 


H 


1-85 


(CH 2 ) 2 


TMS 


H 


OH 


NHCOCH(CH 3 ) 2 


1-86 


(CH 2 ) 2 


TBDMS 


H 


OH 


NHCOCH(CH 3 ) 2 


1-87 


(CH 2 ) 2 


TBDPS 


H 


OH 


NHCOCH(CH 3 ) 2 


1-88 


(CH 2 ) 2 


TIPS 


H 


OH 


NHCOCH(CH 3 ) 2 


1-89 


(CH 2 ) 3 


H 


H 


H 


H 


1-90 


(CH 2 ) 3 


H 


H 


H 


NH 2 


1-91 


(CH 2 ) 3 


H 


H 


H 


OH 


1-92 


(CH 2 ) 3 


H 


H 


OH 


H 


1-93 


(CH 2 ) 3 


H 


H 


OH 


NH 3 


1-94 


(CH 2 ) 3 


H 


H 


OH 


OH 


1-95 


(CH2) 3 


H 


H 


NH 2 


H 


1-96 


(CH 2 ) 3 


H 


H 


NH 2 


NH 2 


1-97 


(CH 2 ) 3 


H 


H 


NH 2 


CI 


1-98 


(CH 2 ) 3 


rl 


T_I 


JSH 2 


r 


1-99 




H 


H 


NH-, 

,111 2 


Br 


1-100 


(CH 2 ) 3 


H 


H 


NH 2 


OH 


1-101 


(CH 2 ) 3 


H 


H 


OMc 


H 


1-102 


(CH 2 ) 3 


H 


H 


OMe 


OMe 


1-103 


(CH 2 ) 3 


H 


H 


OMe 


NH 2 


1-104 


(CH 2 ) 3 


H 


H 


CI 


H 


1-105 


(CH 2 ) 3 


H 


H 


Br 


H 


1-106 




H 


H 


F 


H 


1-107 


(CH 2 ) 3 


H 


H 


CI 


CI 


1-108 


(CH 2 ) 3 


H 


H 


SH 


H 


1-109 


(CH 2 ) 3 


Bn 


H 


NHBz 


H 


1-110 


(CH 2 ) 3 


Bn 


H 


OH 


NHCOCH(CH 3 ) 2 


1-111 


(CH 2 ) 3 


Bn 


Bn 


NHBz 


H 


1-U2 


(CH 2 ) 3 


Bn 


Bn 


OH 


NHCOCH(CH 3 ) 2 


1-113 


(CH2) 3 


PMB 


H 


NHBz 


H 


1-114 


(CH 2 ) 3 


PMB 


H 


OH 


NHCOCH(CH 3 ) 2 


1-115 


(CH 2 ) 3 


PMB 


PMB 


NHBz 


H 


1-116 


(CH 2 ) 3 


PMB 


PMB 


OH 


NHCOCH(CH 3 ) 2 


1-117 


(CH 2 ) 3 


Tr 


H 


NHBz 


H 


1-118 


(CHj), 


MMTr 


H 


NHBz 


H 


1-119 


(CH 2 ) 3 


DMTr 


H 


NHBz 


H 


1-120 


(CH 2 ) 3 


TMTr 


H 


NHBz 


H 


1-121 


(CH 2 ) 3 


Tr 


H 


OH 


NHCOCH(CH 3 ) 2 


1-122- 


(CH 2 ) 3 


MMTr 


H 


OH 


NHCOCH(CH 3 ) 2 


1-123 




DMTr 


H 


OH 


NHCOCHfCH^a 


1-124 


(CH 2 ) 3 


TMTr 


H 


OH 


NHCOCH(CH 3 ) 2 


1-125 


(CH 2 ) 3 


TMS 


H 


NHBz 


H 


1-126 


(CH 2 ) 3 


TBDMS 


H 


NHBz 


H 


1-127 


(CH 2 ) 3 


TBDPS 


H 


NHBz 


H 


1-128 


(CH 2 ) 3 


TIPS 


H 


NHBz 


H 


1-129 


(CH 2 ) 3 


TMS 


H 


OH 


NHCOCH(CH 3 ) 2 


1-130 


(CH 2 ) 3 


TBDMS 


H 


OH 


NHCOCHCCH^j 


1-131 


(CH 2 ) 3 


TBDPS 


H 


OH 


NHCOCH(CH 3 ) 2 


1-132 


(CH 2 ) 3 


TIPS 


H 


OH 


NHCOCH(CH 3 ) 2 
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TABLE 1 -continued 



R 3 » 




d') 

Exe. 



com. 



num. 


A 


R 1 


R 2 


R 3 " 


R 4 ' 


1-133 


(CH 2 ) 4 


H 


H 


H 


H 


1-134 


(CH 2 ) 4 


H 


H 


H 


NH 2 


1-135 


(CH 2 ) 4 


H 


H 


H 


OH 


1-136 


(CH 2 ) 4 


H 


H 


OH 


H 


1-137 


(CH 2 ) 4 


H 


H 


OH 


NH 2 


1-138 


(CH 2 ) 4 


H 


H 


OH 


OH 


1-139 


(CH 2 ) 4 


H 


H 


NH 2 


H 


1-140 


(CH 2 ) 4 


II 


II 


NH a 


NH 2 


1-141 


(CH 2 ) 4 


H 


H 


NH 2 


CI 


1-142 


(CH 2 ) 4 


H 


H 


NH 2 


F 


1-143 


(CH 2 ) 4 


H 


H 


NH 2 


Br 


1-144 


(CH 2 ) 4 


H 


H 


NH 2 


OH 


1-145 


(CH 2 ) 4 


H 


H 


OMe 


H 


1-146 


(CH 2 ) 4 


H 


H 


OMe 


OMe 


1-147 


(CH 2 ) 4 


H 


H 


OMc 


NH 2 


1-148 


(CH 2 ) 4 


H 


H 


CI 


H 


1-149 


(CH 2 ) 4 


H 


H 


Br 


H 


1-150 


(CH 2 ) 4 


H 


H 


F 


H 


1-151 


(CH 2 ) 4 


H 


H 


CI 


CI 


1-152 


(CH 2 ) 4 


H 


H 


SH 


H 


1-153 


(CH 2 ) 4 


Bn 


H 


NHBz 


H 


1-154 


(CH 2 ) 4 


Bn 


H 


OH 


NHCOCH(CH 3 ) 2 


1-155 


(CH 2 ) 4 


Bn 


Bn 


NHBz 


H 


1 1 C£ 
1-130 




an 


Bn 


OH 


NHCCX,H(Cn3/ 2 


1-157 


(CM \ 


DUD 

rrviD 


u 

n 


iNHBZ 


rl 


1-158 




PMB 




OH 




1-159 


(CH 2 ) 4 


PMB 


PMB 


NHBz 


H 


1-160 


(CH 2 ) 4 


PMB 


PMB 


OH 


NHCOCH(CH 3 ) 2 


1-161 


(CH 2 ) 4 


Tr 


H 


NHBz 


H 


1-162 


(CH 2 ) 4 


MMTr 


H 


NHBz 


H 


1-163 


(CH 2 ) 4 


DMTr 


H 


NHBz 


H 


1-164 


(CH 2 ) 4 


TMTr 


H 


NHBz 


H 


1-165 


(CH 2 ) 4 


Tr 


H 


OH 


NHCOCH(CH 3 ) 2 


1-166 


(CH,), 


MMTr 


H 


OH 


NHCOCH(CH 3 ) 2 


1-167 


(CH 2 ) 4 


DMTr 


H 


OH 


NHCOCH(CH 3 ) 2 


1-168 


(CH 2 ) 4 


TMTr 


H 


OH 


NHCOCH(CH 3 ) 2 


1-169 


(CH 2 ) 4 


TMS 


H 


NHBz 


H 


1-170 


(CH 2 ) 4 


TBDMS 


H 


NHBz 


H 


1-171 


(CH 2 ) 4 


TBDPS 


H 


NHBz 


H 


1-172 


(CH 2 ) 4 


TIPS 


H 


NHBz 


H 


1-173 


(CH 2 ) 4 


TMS 


H 


OH 


NHCOCH(CH 3 ) 2 


1-174 


(CH 2 ) 4 


TBDMS 


H 


OH 


NHCOCH(CH 3 ) 2 


1-175 


(CH 2 ) 4 


TBDPS 


H 


OH 


NHCOCH(CH 3 ) 2 


1-176 


(CH 2 ) 4 


TIPS 


H 


OH 


NHCOCH(CH 3 ) 2 


1-177 


CH 2 


H 


H 


OH 


NHCOCH(CH 3 ) 2 


1-178 


CH 2 


H 


H 


NHBz 


H 


1-179 


(CH 2 ) 2 


H 


H 


OH 


NHCOCH(CH 3 ) 2 


1-180 


(CH 2 ) 2 


H 


H 


NHBz 


H 


1-181 


(CH 2 ), 


H 


H 


OH 


NHCOCH(CH 3 ) 2 


1-182 


(CH 2 ), 


H 


H 


NHBz 


H 


1-183 


(CH 2 ) 4 


H 


H 


OH 


NHCOCH(CH 3 ) 2 


1-184 


(CH2) 4 


H 


H 


NHBz 


H 


1-185 


CH 2 


DMTr 


P(N(iPr) 2 )(OC 2 H 4 CN) 


OH 


NHCOCH(CH 3 ) 2 


1-186 


CH 2 


DMTr 


P(N(iPr) 2 )(OC 2 H 4 CN) 


NHBz 


H 


1-187 


(CH 2 ) 2 


DMTr 


P(N(iPr) 2 )(OC 2 H 4 CN) 


OH 


NHCOCH(CH 3 ) 2 


1-188 


(CH 2 ) 2 


DMTr 


P(N(iPr)2)(OC 2 H 4 CN) 


NHBz 


H 


1-189 


(CHj) 3 


DMTr 


POTift^OCACN) 


OH 


NHCOCH(CH 3 ) 2 


1-190 


(CH 2 ) 3 


DMTr 


P<N(iPr) 2 )(OC 2 H 4 CN) 


NHBz 


H 


1-191 


(CH 2 ) 4 


DMTr 


P(N(iPr) 2 )(OC 2 H 4 CN) 


OH 


NHCOCH(CH 3 ) 2 


1-192 


(CH 2 ) 4 


DMTr 


P<N(ift)2)(OC a H4CN) 


NHBz 


H 
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TABLE 1 -continued 




Exc. 



com. 



num. 


A 


R 1 


R 2 


R 3 * 


R 4 * 


1-193 


CH, 


DMTr 


P(N(iPr) 2 )(OCH 3 ) 


OH 


NHCOCH(CH 3 ) 2 


1-194 


CH 2 


DMTr 


P(N(iPr) 2 )(OCH 3 ) 


NHBz 


II 


1-195 


(CH 2 ) 2 


DMTr 


P(N(iPr) 2 )(OCH 3 ) 


OH 


NHCOCH(CH 3 ) 2 


1-196 


(CH 2 ) 2 


DMTr 


P(N(iPr) 2 )(OCH 3 ) 


NHBz 


H 


1-197 


(CH 2 ), 


DMTr 


P(N(iPr) 2 )(OCH 3 ) 


OH 


NHCOCH(CH 3 ) 2 


1-198 


(CH 2 ) 3 


DMTr 


P(N(iPr) 2 )(OCH 3 ) 


NHBz 


H 


1-199 


(CH 2 ) 4 


DMTr 


P(N(iPr) 2 )(OCH 3 ) 


OH 


NHCOCH(CH 3 ) 2 


1-200 


(CH,) 4 


DMTr 


P(N(iPr) 2 )(OCH 3 ) 


NHBz 


H 


1-201 


CH 2 


DMTr 


P(0)(OH)H 


OH 


NHCOCH(CH 3 ) 2 


1-202 


CH 2 


DMTr 


P(0)(OH)H 


NHBz 


H 


1-203 


(CH 2 ) 2 


DMTr 


P(0)(OH)H 


OH 


NHCOCH(CH 3 ) 2 


1-204 


(CH 2 ) 2 


DMTr 


P(0)(OH)H 


NHBz 


H 


1-205 


(CH 2 ), 


DMTr 


P(0)(OH)H 


OH 


NHCOCH(CH 3 ) 2 


1-206 


(CH 2 ) 3 


DMTr 


P(0)(OH)H 


NHBz 


H 


1-207 


(CH 2 ) 4 


DMTr 


P(0)(OH)H 


OH 


NHCOCH(CH 3 ) 2 


1-208 


(CH 2 ) 4 


DMTr 


P(0)(OH)H 


NHBz 


H 



TABLE 2 35 TABLE 2-continued 




(H (1") 
Exe. Exe. 



com. com. 



num. 


A 


R' 


R 3 


R 5 


R 6 


- 50 


num. 


A 


K l 


R 3 


R s 


R 6 


2-1 


CH 2 


H 


H 


OH 


H 




2-20 


CH 2 


TIPS 


H 


OH 


H 


2-2 


CH 2 


H 


H 


OH 


CH 3 




2-21 


CH 2 


Bn 


H 


OH 


CH 3 


2-3 


CH 2 


H 


H 


NH 2 


H 




2-22 


CH 2 


Bn 


Bn 


OH 


CH 3 


2-4 


CH 2 


H 


H 


NH 2 


CH 3 




2-23 


CH 2 


PMB 


H 


OH 


CH 3 


2-5 


CH 2 


H 


H 


NH 2 


F 




2-24 


CH 2 


PMB 


PMB 


OH 


CH 3 


2-6 


CH 2 


H 


H 


CI 


H 


55 


2-25 


CH 2 


Tr 


H 


OH 


CH 3 


2-7 


CH 2 


H 


H 


OMc 


H 




2-26 


CH 2 


MMTr 


H 


OH 


CH 3 


2-8 


CH 2 


H 


H 


SH 


H 




2-27 


CH 2 


DMTr 


H 


OH 


CH 3 


2-9 


CH 2 


Bn 


H 


OH 


H 




2-28 


CH 2 


TMTr 


H 


OH 


CH 3 


2-10 


CH 2 


Bn 


Bn 


OH 


H 




2-29 


CH 2 


TMS 


H 


OH 


CH 3 


2-11 


CH 2 


PMB 


H 


OH 


H 




2-30 


CH 2 


TBDMS 


H 


OH 


CH 3 


2-12 


CH 2 


PMB 


PMB 


OH 


H 


60 


2-31 


CH 2 


TBDPS 


H 


OH 


CH 3 


2-13 


CH 2 


Tr 


H 


OH 


H 




2-32 


CH 2 


TIPS 


H 


OH 


CH 3 


2-14 


CH 2 


MMTr 


H 


OH 


H 




2-33 


CH 2 


Bn 


H 


NHBz 


H 


2-15 


CH 2 


DMTr 


H 


OH 


H 




2-34 


CH 2 


Bn 


Bn 


NHBz 


H 


2-16 


CH 2 


TMTr 


H 


OH 


H 




2-35 


CH 2 


PMB 


H 


NHBz 


H 


2-17 


CH 2 


TMS 


H 


OH 


H 




2-36 


CH 2 


PMB 


PMB 


NHBz 


H 


2-18 


CH 2 


TBDMS 


H 


OH 


H 


65 


2-37 


CH 2 


Tr 


H 


NHBz 


H 


2-19 


CH 2 


TBDPS 


H 


OH 


H 




2-38 


CH 2 


MMTr 


H 


NHBz 


H 



31 
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TABLE 2-continued TABLE 2-continued 



R s R 3 




Exc. 15 Exc. 



com. com. 



num. 


A 


D 1 


h. 


d5 


K 




num. A 




o2 




R 6 


2-39 


CH, 


DMTr 


H 


NHB2 






■y.OQ (CM \ 


1 ouro 


rl 


ssnoz 


T_T 

n 


2-40 


v-n 2 


TMTr 


JJ 


NHBz 


H 




^-iuu [y.ti 2 h 


1 Irs 


rt 


iNirioZ 


H 


2-41 


CH 2 


TMS 


JI 


NHBz 




20 




oD 


LI 

rl 


INrltJZ 


CH 3 


2-42 


CH 2 




n 


NHBz 


ti 
n 


~>-\(Y) (CH V. 


on 


Tin 

DO 


NnbZ 


CH 3 


2-43 


CH 2 


TBDPS 




.NrloZ 


IT 

n 




*> 1 m (cu \ 


PMB 


H 


NHBz 


CH 3 


2-44 


CH 2 


TIPS 


jj 


NHB2 


H 




*> 1 (\A (CV \ 


DWQ 


rMB 


NHBz 


CH 3 


2-45 


CH 2 


Bn 




NHBz 


CH3 




1 ift< few \_ 


TV 
IT 


rl 


NHBz 


CH 3 


2-46 


CH 2 


Bn 


Bn 


NHBz 


CH3 




~> \na fevt \ 

\\-n2f2 


MMir 


H 


NHBz 


CH 3 


2-47 


CH 2 


PMB 




NHBz 


cn 3 


25 




DMTr 


H 


NHBz 


CH 3 


2-48 


CH 2 


PMB 


PMB 


NHBz 


*~r*3 


"> 1 ftS /cu Y_ 
Z- 1 Uo [\,ti 2 )2 


TMTr 


tr 

H 


NHBz 


CH 3 


2-49 


CH, 


Tr 


H 


NHBz 


CH 3 




-)_ 1 no few \_ 




tr 
rt 


INrlBZ 


t^ri 3 


2-50 


pu 

LJ1 2 


MMTr 


H 


vun- 


CU 




1 1 ft fCU \ 


TTir»\jf c 
ioUMo 


it 


iNrifcSZ 




2-51 


CH 2 


DMTr 




y*tlOZ 


ru 




"Jill /CM \ 


IDDro 


IT 

H 


'KTLTDo 

MHdZ 


CH 3 


2-52 


CH 2 


TMTr 




NHBz 


r"H 

*-«J 




rni feu \_ 


lira 


ft 


rvrirJZ 


CH 3 


2-53 


CH 2 


TMS 


H 


NHBz 


CH3 








11 


OH 


H 


2-54 


CH 2 


TBDMS 


H 


NHBz 


CH 3 


30 


2-114 (CH,), 
£ ut l^n 2 /3 


H 


H 


OH 


CH 3 


2-55 


CH 2 


TBDPS 


H 


NHBz 


CH 3 




2-115 (CH,), 

1 * ^-*-*2/3 


H 


H 


NH 2 


H 


2-56 


CH 2 


TIPS 


H 


NHBz 


CH 3 




2-116 (CH 2 ) 3 


H 


H 


NH 2 


CH 3 


2-57 


(CH 2 ) 2 


H 


H 


OH 


H 




2-117 (CH 2 ) 3 


H 


H 


NH 2 


F 


2-58 


(CH 2 ) 2 


H 


H 


OH 


CH 3 




2-118 (CH 2 ) 3 


H 


H 


CI 


H 


2-59 


(CH 2 ) 2 


H 


H 


NH 2 


H 




2-119 (CH 2 ) 3 


H 


H 


OMc 


H 


2-60 


(CH 2 ) 2 


H 


H 


NH 2 


CH 3 


35 


2-120 (CH 2 ) 3 


H 


H 


SH 


H 


2-61 


(CH 2 ) 2 


H 


H 


NH 2 


F 




2-121 (CH 2 ) 3 


Bn 


H 


OH 


H 


2-62 


(CH 2 ) 2 


H 


H 


CI 


H 




2-122 (CH 2 ) 3 


Bn 


Bn 


OH 


H 


2-63 


(CH 2 ) 2 


H 


H 


OMe 


H 




2-123 (CH 2 ) 3 


PMB 


H 


OH 


H 


2-64 


(CH 2 ) 2 


H 


H 


SH 


H 




2-124 (CH 2 ) 3 


PMB 


PMB 


OH 


H 


2-65 


(CH 2 ) 2 


Bn 


H 


OH 


H 




2-125 (CH 2 ) 3 


Tr 


H 


OH 


H 


2-66 


(CH 2 ) 2 


Bn 


Bn 


OH 


H 


40 


2-126 (CH 2 ) 3 


MMTr 


H 


OH 


H 


2-67 


(CH 2 ) 2 


PMB 


H 


OH 


H 


2-127 (CH 2 ) 3 


DMTr 


H 


OH 


H 


2-68 


(CH 2 ) 2 


PMB 


PMB 


OH 


H 




2-128 (CH 2 ) 3 


TMTr 


H 


OH 


H 


2-69 


(CH 2 ) 2 


Tr 


H 


OH 


H 




2-129 (CH 2 ) 3 


TMS 


H 


OH 


H 


2-70 


(CH 2 ) 2 


MMTr 


H 


OH 


H 




2-130 (CH 2 ) 3 


TBDMS 


H 


OH 


H 


2-71 


(CH 2 ) 2 


DMTr 


H 


OH 


H 




2-131 (CH 2 ) 3 


TBDPS 


H 


OH 


H 


2-72 


(CH 2 ) 2 


TMTr 


H 


OH 


H 


45 


2-132 (CH 2 ) 3 


TIPS 


H 


OH 


H 


2-73 


(CH 2 ) 2 


TMS 


H 


OH 


H 


2-133 (CH 2 ) 3 


Bn 


H 


OH 


CH 3 


2-74 


(CH 2 ) 2 


TBDMS 


H 


OH 


H 




2-134 (CH 2 ) 3 


Bn 


Bn 


OH 


CH 3 


2-75 


(CH 2 ) 2 


TBDPS 


H 


OH 


H 




2-135 (CH 2 ) 3 


PMB 


H 


OH 


CH 3 


2-76 


(CH 2 ) 2 


TIPS 


H 


OH 


H 




2-136 (CH 2 ) 3 


PMB 


PMB 


OH 


CH 3 


2-77 


(CH 2 ) 2 


Bn 


H 


OH 


CH 3 




2-137 (CH 2 ) 3 


Tr 


H 


OH 


CH 3 


2-78 


(CH 2 ) 2 


Bn 


Bn 


OH 


CH 3 




2-138 (CH 2 ) 3 


MMTr 


H 


OH 


CH 3 


2-79 


(CH 2 ) 2 


PMB 


H 


OH 


CH 3 


50 


2-139 (CH 2 ) 3 


DMTr 


H 


OH 


CH 3 


2-80 


(CH 2 ) 2 


PMB 


PMB 


OH 


CH 3 




2-140 (CH 2 ) 3 


TMTr 


H 


OH 


CH 3 


2-81 


(CH 2 ) 2 


Tr 


H 


OH 


CH 3 




2-141 (CH 2 ) 3 


TMS 


H 


OH 


CH 3 


2-82 


(CH 2 ) 2 


MMTr 


H 


OH 


CH 3 




2-142 (CH 2 ) 3 


TBDMS 


H 


OH 


CH 3 


2-83 


(CH 2 ) 2 


DMTr 


H 


OH 


CH 3 




2-143 (CH 2 ) 3 


TBDPS 


H 


OH 


CH 3 


2-84 


(CH 2 ) 2 


TMTr 


H 


OH 


CH 3 




2-144 (CH 2 ) 3 


TIPS 


H 


OH 


CH 3 


2-85 


(CH 2 ) 2 


TMS 


H 


OH 


CH 3 


55 


2-145 (CH 2 ) 3 


Bn 


H 


NHBz 


H 


2-86 


(CH 2 ) 2 


TBDMS 


H 


OH 


CH 3 




2-146 (CH 2 ) 3 


Bn 


Bn 


NHBz 


H 


2-87 


(CH 2 ) 2 


TBDPS 


H 


OH 


CH 3 




2-147 (CH 2 ) 3 


PMB 


H 


NHBz 


H 


2-88 


(CH 2 ) 2 


TIPS 


H 


OH 


CH 3 




2-148 (CH 2 ) 3 


PMB 


PMB 


NHBz 


H 


2-89 


(CH 2 ) 2 


Bn 


H 


NHBz 


H 




2-149 (CH 2 ) 3 


Tr 


H 


NHBz 


II 


2-90 


(CH 2 ) 2 


Bn 


Bn 


NHBz 


H 




2-150 (CH 2 ) 3 


MMTr 


H 


NHBz 


H 


2-91 


(CH 2 ) 2 


PMB 


H 


NHBz 


H 


60 


2-151 (CH 2 ) 3 


DMTr 


H 


NHBz 


II 


2-92 


(CH 2 ) 2 


PMB 


PMB 


NHBz 


H 




2-152 (CH 2 ) 3 


TMTr 


H 


NHBz 


H 


2-93 


(CH 2 ) 2 


Tr 


H 


NHBz 


H 




2-153 (CH 2 ) 3 


TMS 


H 


NHBz 


H 


2-94 


(CH 2 ) 2 


MMTr 


H 


NHBz 


H 




2-154 (CH 2 ) 3 


TBDMS 


H 


NHBz 


H 


2-95 


(CH 2 ) 2 


DMTr 


H 


NHBz 


H 




2-155 (CH 2 ) 3 


TBDPS 


H 


NHBz 


H 


2-96 


(CH 2 ) 2 


TMTr 


H 


NHBz 


H 




2-156 (CH 2 ) 3 


TIPS 


H 


NHBz 


H 


2-97 


(CH 2 ) 2 


TMS 


H 


NHBz 


H 


65 


2-157 (CH 2 ) 3 


Bn 


H 


NHBz 


CH 3 


2-98 


(CH 2 ) 2 


TBDMS 


- H 


NHBz 


H 




2-158 (CH 2 ) 3 


Bn 


Bn 


NHBz 


CH 3 
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TABLE 2 -continued TABLE 2-continued 
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Exe. 15 Exe. 
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num. A 


R 1 


R2 


it 


XV 




num. A 




R 


R 


n6 

K 


2-159 (CH,)» 


PMB 


H 


NHBz 


CHj 






DMTr 




xNrirjz 


LHj 


2-160 fCHi)* 


PMB' 


PMB 


NHBz 


rH, 




2-220 fCH,l, 


TMTr 




NHBz 


r^U 


2-161 (CH 2 ) 3 


Tr 


H 


NHBz 


CH, 


20 


£. £.4.1 w n 2/4 


TMS 




wnoz 


t^U 
*" H 3 


2-162 fCH-,^ 


MMTr 


H 


NHBz 


CH 3 


2-222 (CH*\* 


1 DUlVlo 




vun, 


*-*n 3 


2-163 fCR*)« 


DMTr 


H 


NHBz 


CH3 






TBDPS 




vrt-fn-* 
fNllDZ 


CH 3 


2-164 fCH-.>, 


TMTr 


H 


NHBz 


CH, 

un 3 




2-224 (CU*\. 


TIPS 




inhdz 




2-165 fCHili 


TMS 


H 


NHBz 


CH3 




2-225 CH 2 


H 




mud. 


u 

M 


2-166 (CH 2 ) 3 


TBDMS 


H 


NHBz 


CH3 




2-226 CH 2 


H 




NHBz 




2-167 (CH 2 ) 3 


TBDPS 


H 


NHBz 


\_1i3 


25 


2-227 CPH V. 


jj 


jj 


iNrtoz 


TT 
Ti 


2-168 (CH 2 ) 3 


TIPS 


H 


NHBz 


CH3 


2-228 fCH,V. 




fj 


NHBz 


cri3 


2-169 (CH 2 ) 4 


H 


H 


OH 






2-229 fCH-V. 


jj 


11 


NHBz 




2-170 (CH 2 ) 4 


H 




OH 


CH 3 




2-210 (CW \ 


jj 


u 








H 




NTH, 


jj 




3. "511 (CH \ 
£'Zj I l^*l 2 / 4 


U 
ii 


tr 
fl 


NHBz 


H 


2-172 (CH 2 ) 4 


H 


H 


NH 2 


CH 3 




2-232 (CH 2 ) 4 


H 


H 


NHBz 


CH 3 


2-173 fCH,)„ 


H 


H 




F 


30 


2-233 CH 2 


DMTr 


r\n{iri)2)\y^ 2 n.4\~CH) 


OH 


jj 


2-174 (CH 2 ) 4 


H 


H 


CI 


H 


2-234 CH 2 


DMTr 


P(N(iPr)2)(OC 2 H 4 CN) 


OH 


CH 3 


2-175 (CH^ 


H 


H 


OMc 


H 




2-235 CH 2 


DMTr 


P(N(iPr)2)(OC 2 H 4 CN) 


NHBz 


H 


2-1 7fi fPH.^ 
i'\ fO 112/4 


u 

n 


n 


oil 


u 
XI 




2-236 CH 2 


DMTr 


P(N(iPr) 2 )(OC 2 H 4 CN) 


NHBz 


CH 3 


2-177 (CH 2 ) 4 


Bn 


H 


OH 


H 




2-237 (CH 2 h 


DMTr 


P(N(iPr)2)(OC 2 H 4 CN) 


OH 


H 


2-178 (CH 2 ) 4 


Bn 


Bn 


OH 


H 




2-238 (CH^ 


DMTr 


P(N(iPr)3)(OC 2 H 4 CN) 


OH 


CH 3 


2-179 (CH 2 ) 4 


PMB 


H 


OH 


H 




2-239 (CU 7 h 


DMTr 


P(N(iPr)3)(OC 2 H 4 CN) 


NHBz 


H 


2-180 (CH 2 ) 4 


PMB 


PMB 


OH 


H 


35 


2-240 (CHj), 


DMTr 


P(N(iPr)2)(OC 2 H 4 CN) 


NHBz 


CH 3 


2-181 (CH 2 ) 4 


Tr 


H 


OH 


H 




2-241 (CH 2 ) 3 


DMTr 


PCNCiPr^XOC^CN) 


OH 


H 


2-182 (CH 2 ) 4 


MMTr 


H 


OH 


H 




2-242 (CH 2 ) 3 


DMTr 


P(N(iPr)2)(OC 2 H 4 CN) 


OH 


CH 3 


2-183 (CH 2 ) 4 


DMTr 


H 


OH 


H 




2-243 (CH 2 ) 3 


DMTr 


P(N(iPr)3)(OC 2 H 4 CN) 


NHBz 


H 


2-184 (CH 2 ) 4 


TMTr 


H 


OH 


H 




2-244 (CH 2 ) 3 


DMTr 


P(N(iPr)2)COC 2 H 4 CN) 


NHBz 


CH 3 


2-185 (CH 2 ) 4 


TMS 


H 


OH 


H 




2-245 (CH 2 ) 4 


DMTr 


P(N(iPr)2)(OC 2 H 4 CN) 


OH 


H 


2-186 (CH 2 ) 4 


TBDMS 


H 


OH 


H 


40 


2-246 (CH 2 ) 4 


DMTr 


PCNOFrfeXOCalUCN) 


OH 


CH 3 


2-187 (CH2) 4 


TBDPS 


H 


OH 


H 


2-247 (CH 2 ) 4 


DMTr 


P(N(iPr) 2 XOC 2 H 4 CN) 


NHBz 


H 


2-188 (CH 2 ) 4 


TIPS 


H 


OH 


H 




2-248 (CH 2 ) 4 


DMTr 


PCNOPr^JfOC^CN) 


NHBz 


CH 3 


2-189 (CH 2 ) 4 


Bn 


H 


OH 


CH 3 




2-249 CH 2 


DMTr 


P(N(iPr)j)(OCH 3 ) 


OH 


H 


2-190 (CH 2 ) 4 


Bn 


Bn 


OH 


CH 3 




2-250 CH 2 


DMTr 


P(N(iPr)2)(OCH3) 


OH 


CH 3 


2-191 (CH 2 ) 4 


PMB 


H 


OH 


CH3 




2-251 CH 2 


DMTr 


P(N(iPr) 2 )(OCH3) 


NHBz 


H 


2-192 (CH 2 ) 4 


PMB 


PMB 


OH 


CH 3 


45 


2-252 CH 2 


DMTr 


PCNCiPr^XOCH,) 


NHBz 


CH 3 


2-193 (CH 2 ) 4 


Tr 


H 


OH 


CH 3 


2-253 (CH 2 ) 3 


DMTr 


P(N(iPr) 2 )(OCH 3 ) 


OH 


H 


2-194 (CH 2 ) 4 


MMTr 


H 


OH 


CH 3 




2-254 (CH 7 h 


DMTr 


P(N(iPr)2)(OCH3) 


OH 


CH 3 


2-195 (CH 2 ) 4 


DMTr 


H 


OH 


CH 3 




2-255 (CH 2 h 


DMTr 


P(N(iPr) 2 )(OCH3) 


NHBz 


H 


2-196 (CH 2 ) 4 


TMTr 


H 


OH 


CH 3 




2-256 (CH 2 h 


DMTr 


P(N(iPr) 2 )(OCH3) 


NHBz 


CH3 


2-197 (CH 2 ) 4 


TMS 


H 


OH 


CH 3 




2-257 (CH 2 ) 3 


DMTr 


P(N(iPr) 2 )(OCH3) 


OH 


H 


2-198 (CH 2 ) 4 


TBDMS 


H 


OH 


CH 3 


50 


2-258 (CH 2 ) 3 


DMTr 


P(N(iPr),)(OCH3) 


OH 


CH 3 


2-199 (CH 2 ) 4 


TBDPS 


H 


OH 


CH 3 


2-259 (CH 2 ) 3 


DMTr 


PCNCiPr^XOCHj) 


NHBz 


H 


2-200 (CH 2 ) 4 


TIPS 


H 


OH 


CH 3 




2-260 (CH 2 ) 3 


DMTr 


P(N(iPr) 2 )(OCH3) 


NHBz 


CH 3 


2-201 (CH 2 ) 4 


Bn 


H 


NHBz 


H 




2-261 (CH 2 ) 4 


DMTr 


P(N(iPr) 2 )(OCH3) 


OH 


H 


2-202 (CH 2 ) 4 


Bn 


Bn 


NHBz 


H 




2-262 (CH 2 ) 4 


DMTr 


P(N(iPr)2)(OCH3) 


OH 


CH 3 


2-203 (CH 2 ) 4 


PMB 


H 


NHBz 


H 




2-263 (CH 2 ) 4 


DMTr 


P(N(iPr) 2 )(OCH3) 


NHBz 


H 


2-204 (CH 2 ) 4 


PMB 


PMB 


NHBz 


H 




2-264 (CH 2 ) 4 


DMTr 


P(N(iPr) 2 )(OCH3) 


NHBz 


CH 3 


2-205 (CH 2 ) 4 
2-206 (CH 2 ) 4 


Tr 

MMTr 


H 
H 


NHBz 
NHBz 


H 
H 
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2-207 (CH 2 ) 4 


DMTr 


H 


NHBz 


H 




In the above Table 1 and Table 2, preferred compounds 


2-208 (CH 2 ) 4 
2-209 (CH 2 ) 4 


TMTr 
TMS 


H 
H 


NHBz 
NHBz 


H 
H 




include the compounds (1-5), (1-7), (1-23), (1-24), (1-31), 


2-210 (CH2) 4 


TBDMS 


H 


NHBz 


H 




(1-35), (1-39), (1-43), (1-49), (1-51), (1-67), (1-68), (1-75), 


2-211 (CH 2 ) 4 


TBDPS 


H 


NHBz 


H 


60 


(1-79), (1-83), (1-87), (1-93), (1-95), 


(1-111), 


(1-112), 


2-212 (CH2) 4 


TIPS 


H 


NHBz 


H 




(1-119), (1-123), (1-127), (1-131), (1-137), (1-139), (1-155), 


2-213 (CH 2 ) 4 
2-214 (CH 2 ) 4 
2-215 (CH 2 ) 4 


Bn 
Bn 
PMB 


H 

Bn 

H 


NHBz 
NHBz 
NHBz 


CH 3 
CH 3 
CH 3 




(1-156), (1-163), (1-167), (1-171), (1-175), (1-177), (1-178), 




(1-185), (1-186), (1-193), (1-194), (1-201), (1-202), (2-1), 


2-216 (CH 2 ) 4 


PMB 


PMB 


NHBz 


CH 3 




(2-2), (2-3), (2-4), (2-10), (2-15), (2-19), (2-22), (2 -27), 


2-217 (CH 2 ) 4 


Tr 


H 


NHBz 


CH 3 
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2-31), (2-34), (2-39), (2-43), (2-46), (2-51), (2-55), (2-57), 


2-218 (CH 2 ) 4 


MMTr 


H 


NHBz 


CH 3 




(2-58), (2-59), (2-60), (2-60), (2-66), (2-71), (2-75), (2-78), 



(2-83), (2-87), (2-90), (2-95), (2-99), (2-102), (2-107), ( 
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2-111), (2-113), (2-114), (2-115), (2-116), (2-122), (2-127), 
(2-131), (2-134), (2-139), (2-143), (2-146), (2-151), (2-155), 
(2-158), (2-163), (2-167), (2-169), (2-170), (2-171), (2-172), 
(2-178), (2-183), (2-187), (2-190), (2-195), (2-199), (2-202), 
(2-207), (2-211), (2-214), (2-219), (2-223), (2-225), (2-226), 
(2-233), (2-234), (2-235) or (2-236), more preferred com- 
pounds may include 
2 , -0 ) 4'-C-ethyleneguanosine (1-5), 
2 , -0,4'-C-ethyleneadenosine (1-7), 

S'jS'-di-O-bcnzyl^'-O^'-C-elhylene-e-N-benzDyladcnosine 
(1-23), 

3 , ,5 , -di-0-benzyl-2 , -0,4 l -C-ethylene-2-N-isobutyrylgua- 
nosine (1-24), 

S'-O-dimethoxytrityl-^-O^'-C-ethylene-e-N-benzoylad- 

enosine (1-31), 
5 , -0-dimethoxytrityl-2'-0,4 , -C-ethylene-2-N-isobu- 

tyrylguanosine (1-35), 2 , A4 , -C-ethylene-2-N-isobu- 

tyrylguanosine (1-177), 2'-0,4'-C-ethylene-6-N-benzoy- 

ladcnosine (1-178), 
5 , -0-dimethoxytrityl-2*-0,4'-C-ethylene-2-N-isobutyrlgua- 

nosine-3'-0-(2-cyanoethyl N,N-diisopropyl)phosphora- 

midite (1-185), 
S'-O-dimethoxytrityl-Z-O^'-C-ethylene-e-N-benzoylad- 

enosine-3'-0-(2-cyanoethyl N,N-diisopropyl)phosphora- 

midite (1-186), 
r-O^'-C-ethyleneuridine (2-1), 
2'-0,4 , -C-ethylene-5-methyluridine (2-2), 
2'-0,4 , -C-ethylenecytidine (2-3), 
2 , -0,4 , -C-ethylene-5-methylcytidine (2-4), 
3 , ,5 , -di-0-benzyl-2 , -0,4*-C-ethyleneuridine (2-10), 
S'-O-dimethoxytrityl-^-O^'-C-ethyleneuridine (2-15), 
3\5 , -di-0-bem7l-2 , -0,4 , -C-ethylene-5-methyluridine 

(2-22), 

S'-O-dimethoxytrityl-^-O^'-C-ethylene-S-methyluridine 
(2-27), 

3',5'-di-0-benzyl-2'-0,4'-C-ethylene-4-N-beiizoylcytidine 
(2-34), 

5 t -0-dimethoxytriryl-2 , -0,4 , -C-ethylene-4-N-benzoylcyti- 
dine (2-39), 

3 , ,5 , -di-0-benzyl-2 , -0,4 , -C-ethylene-4-N-benzoyl-5-meth- 
ylcytidine (2-46), 

5 t -0-dimethoxytrityl-2 l -0,4 , -C-ethylene-4-N-benzoyl-5- 

methylcytidine (2-51), 
2'-0,4*-C-ethylene-4-N-benzoylcytidine (2-225), 
2 , -0,4'-C-ethylene-4-N-benzoyl-5-methylcytidine (2-226), 
S'-O-dimethoxytrityl-^-O^'-C-ethylene-uridineO'-O^?- 

cyanoethyl N,N-diisopropyl)phosphoramidite (2-233), 
5'-0-dimethoxytrityl-2 , -0,4'-C-e%lene-5-methyluridine- 

3 ! -0-(2-cyanoethyl N,N-diisopropyl)phosphoramidite 

(2-234), 

5 , ^^imethoxytrityl-2 , -0,4 l -C-ethyIene-4-N-benzoylcyti- 

dine-3'-0-(2-cyanoethyl N,N-diisopropyl)phosphoramid- 

ite (2-235), and 
5 , -0-dimethoxytrityl-2 , -0 ) 4 , -C-e%lene-4-N-benzoyl-5- 

methylcytidine-3'-0-(2-cyanoetnyl N,N-diisopropyl) 

phosphoramidite (2-236). 

The compound (1) of the present invention can be pro- 
duced according to Process A described below. 
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Process A 
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OH O 



OH O 



(lb) 
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In Process A, X represents a protecting group; Y repre- 
sents a protecting group; A has the same meaning as defined 
above; while B 1 represents a purin-9-yl group, a substituted 
purin-9-yl group or a substituted 2-oxo-pyrimidin-l-yl 
group, said substituents being selected from the above 
substituents but with the exclusion of an unprotected amino 
group of "an amino group which may be protected"; while 
B 2 represents a purin-9-yl group, a substituted purin-9-yl 
group or a substituted 2-oxo-pyrimidin-l-yl group, said 
substituents being selected from the above substituents but 
with the exclusion of protected amino groups of "an amino 
group which may be protected"; R 7 represents a group which 
forms a leaving group; and R 8 represents an aliphatic acyl 
group having from 1 to 4 carbon atoms. 

The protecting group of X is the same group as "the 
hydroxy 1 protecting group" in the above R 1 . 

The protecting group of Y is the same group as "the 
hydroxyl protecting group" in the above R 2 . 

"The group which forms a leaving group" of R 7 may 
include a lower alkylsulfonyl group such as methanesulfonyl 
and ethanesulfonyl; a halogen-substituted lower alkylsulfo- 
nyl group such as trifluoromethanesulfonyl; and an arylsul- 
fonyl group such as p-toluenesulfonyl; preferably a meth- 
anesulfonyl group or a p-toluenesulfonyl group. 
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"The aliphatic acyl group having from 2 to 4 carbon 
atoms" of R 8 may include acetyl, propionyl, butyryl groups 
and the like, preferably an acetyl group. 

In the following, each step of Process A will be described 
in detail. 5 

(Step A-l) 

The present step is to prepare a compound (4) by reacting 
a compound (3) which can be prepared by Methods B to D 
described later with a reagent for introducing a leaving 1Q 
group in the presence of a base catalyst in an inert solvent. 

The solvent employable here may include aliphatic hydro- 
carbons such as hexane, heptane, ligroin and petroleum 
ether; aromatic hydrocarbons such as benzene, toluene and 
xylene; halogenated hydrocarbons such as methylene chlo- 15 
ride, chloroform, carbon tetrachloride, dichloroethane, chlo- 
robenzene and dichlorobenzene; esters such as ethyl for- 
mate, ethyl acetate, propyl acetate, butyl acetate and diethyl 
carbonate; ethers such as diethyl ether, diisopropyl ether, 
tetrahydrofuran, dioxane, dimethoxyethane and diethylene 20 
glycol dimethyl ether, ketones such as acetone, methyl ethyl 
ketone, methyl isobutyl ketone, isophorone and cyclohex- 
anone; nitro compounds such as nitroethane and nitroben- 
zene; nitrites such as acetonitrile and isobutyronitrile; 
amides such as formamide, N,N-dimethylfonnamide, N,N- 25 
dimethylacetamide, N-methyl-2-pyrrolidone, N-methylpyr- 
rolidinone and hexamethylphosphoric triamide; sulfoxides 
such as sulfolane; and pyridine derivatives; preferably pyri- 
dine. 

The base catalyst employable here may preferably include 30 
a base such as triemylamine, pyridine and dimethylami- 
nopyridine. 

The reagent for introducing a leaving group may include 
alkylsulfonyl halides such as methanesulfonyl chloride and 
ethanesulfonyl bromide; and arylsulfonyl halides such as 35 
p-toluenesulfonyl chloride, preferably methanesulfonyl 
chloride and p-toluenesulfonyl chloride. 

The reaction temperature varies depending on the starting 
material, the solvent, the reagent for introducing a leaving 
group and the base catalyst, but is usually from 0° C. to 50° 40 
C, preferably from 10° C. to 40° C. 

The reaction time varies depending on the starting mate- 
rial, the solvent, the reagent for introducing a leaving group, 
the base catalyst and the reaction temperature, but is usually 
from 10 minutes to 24 hours, preferably from 1 to 10 hours. 45 

After the reaction, the desired compound (4) of the 
present reaction is obtained, for example, by neutralizing the 
reaction solution, concentrating the reaction mixture, adding 
an organic solvent immiscible with water such as ethyl 
acetate, washing with water, separating an organic layer 50 
containing the desired compound, drying over anhydrous 
magnesium sulfate and distilling off the solvent. 

The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 
tallization and silica gel column chromatography. 55 

(Step A-2) 

The present step is to prepare the compound (5) by 
reacting the compound (4) prepared in Step A-l with an acid 
anhydride in the presence of an acid catalyst in a solvent. 60 

The solvent employable here may include ethers such as 
diethyl ether, dioxane and tetrahydrofuran; nitrites such as 
acetonitrile and isobutyronitrile; amides such as formamide, 
N.N-dimemylformamide, N,N-dimethylacetamide, N-me- 
thyl-2-pymolidone, N-memylpyrrolidinone and hexameth- 65 
ylphosphororic triamide; and organic acids such as acetic 
acid; preferably acetic acid. 
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The acid catalyst employable here may include inorganic 
acids such as hydrochloric acid, sulfuric acid and nitric acid, 
preferably sulfuric acid (particularly concentrated sulfuric 
acid). 

The acid anhydride employable here may include an 
anhydride of a lower aliphatic carboxylic acid such as acetic 
anhydride and propionic acid anhydride, preferably acetic 
anhydride. 

The reaction temperature varies depending on the starting 
materia], the solvent, the acid catalyst and the acid anhydride 
and is usually from 0° C. to 50° C, preferably from 10° C. 
to 40° C. 

The reaction time varies depending on the starting mate- 
rial, the solvent, the acid catalyst, the acid anhydride and the 
reaction temperature, but is usually from 10 minutes to 12 
hours, preferably from 30 minutes to 3 hours. 

After the reaction, the desired compound (5) of the 
present reaction is obtained, for example, by concentrating 
the reaction mixture, adding an organic solvent immiscible 
with water such as ethyl acetate, washing with water, 
separating an organic layer containing the desired com- 
pound, drying over anhydrous magnesium sulfate and dis- 
tilling off the solvent. 

The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 
tallization, silica gel column chromatography and the like. 

(Step A-3) 

The present step is to prepare the compound (6) by 
reacting the compound (5) prepared in Step A-2 with a 
trimethylsilylated compound corresponding to the purine or 
pyrimidine which may have a desired substituent prepared 
according to a reference (H. Vorbrggen, K. Krolikiewicz and 
B. Bennua, Chem. Ber., 114, 1234-1255 (1981)) in the 
presence of an acid catalyst in an inert solvent. 

The solvent employable here may include aromatic 
hydrocarbons such as benzene, toluene, xylene; halogenated 
hydrocarbons such as methylene chloride, chloroform, car- 
bon tetrachloride, 1,2-dichloroethane, chlorobenzene and 
dichlorobenzene; nitriles such as acetonitrile and isobuty- 
ronitrile; amides such as formamide, N,N-dimethylforma- 
mide, N,N-dimethylacetamide, N-methyl-2-pyrrolidone, 
N-methylpyrrolidinone and hexamethylphosphoric tria- 
mide; carbon sulfide; preferably 1,2-dichloroethane. 

The acid catalyst employable here may include Lewis 
acid catalysts such as A1C1 3 , SnCl 4 , TiCl 4 , ZnCl 2) BF 3 , 
trimethylsilyl trifluoromethanesulfonate; preferably trimeth- 
ylsilyl trifluoromethanesulfonate. 

The reaction temperature varies depending on the starting 
materia], the solvent and the acid catalyst but is usually from 
0° C. to 100° C, preferably from 50° C. to 80° C. 

The reaction time varies depending on the starting mate- 
rial, the solvent, the acid catalyst and the reaction tempera- 
ture but is usually from 1 hour to 24 hours, preferably from 
1 hour to 8 hours. 

After the reaction, the desired compound (6) of the 
present reaction is obtained, for example, by concentrating 
the reaction mixture, adding an organic solvent immiscible 
with water such as ethyl acetate, washing with water, 
separating an organic layer containing the desired com- 
pound, drying over anhydrous magnesium sulfate and dis- 
tilling off the solvent. 

The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 
tallization, silica gel column chromatography and the like. 
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(StepA-4) tetrahydrofuran, diethyl ether and dioxane; preferably 

The present step is to prepare the compound (la) of the ethers, more preferably tetrahydrofiiran. 

present invention by cyclization of the compound (6) pre- The base employable here may include alkali metal 

pared by Step A-3 in the presence of a base catalyst in an hydroxides such as lithium hydroxide, potassium hydroxide 

inert solvent. 5 and sodium hydroxide; alkali metal carbonates such as 

The solvent employable here may include water, pyridine sodium carbonate and potassium carbonate; alkali metal 

derivatives; acetonitriles such as acetonitrile and isobuty- alkoxides such as sodium methoxide and sodium ethoxide; 

ronitrile; amides such as formamide, N,N-dimethylforma- and an ammonia solution such as aqueous ammonia and 

mide, N,N-dimethylacetamide, N-methyl-2-pyrrolidone, ammonia/methanol solution. 

N-methylpyrrolidinone and hexamethylphosphoric tria- 10 The reaction temperature is from 0° C. to 60° C., prefer- 

mide; and a mixture thereof, preferably a mixture of water ablv fr° m 20 ° C. to 40° C. 

and pyridine. The reaction time is from 10 minutes to 24 hours, pref- 

The base catalyst employable here may include alkali erably from 1 hour to 3 hours, 
metal hydroxides such as sodium hydroxide and potassium ^ reaction, the desired compound (lb) of the 
hydroxide; alkali metal carbonates such as sodium carbonate 15 P resent reaction is obtained, for example, by concentrating 
and potassium carbonate; alkali metal alkoxides such as ^ reaction mixture, adding an organic solvent immiscible 
sodium methoxide and sodium ethoxide; and aqueous with water sucn as &hy\ acetate, washing with water, 
ammonia; preferably alkali metal hydroxides (particularly separating an organic layer containing the desired corn- 
sodium hydroxide). pound, drying over anhydrous magnesium sulfate and dis- 

The reaction temperature varies depending on the starting 20 til,in 8 off me solvent, 

material, the solvent and the base catalyst but is usually from . r ^ desired P roduct mus obtained can be further purified, 

0° C. to 50° C, preferably from 10° C. to 30° C. if necessary, by a conventional method, for example, recrys- 

TTie reaction time varies depending on the starting mate- tallization, silica gel column chromatography and the like 

rial, the solvent, the acid catalyst and the reaction tempera- (2) m ^ cas * ^ re the P««g 8™P 1S a methvl 

ture but is usually from 1 minute to 5 hours, preferably from 25 ™ hsti ™ed by from one to three aryl groups" or "a 

1 minute to 30 minutes. methyl group substituted by from one to three aryl groups 

AA . tU , . , j /i \ <* *l the aryl nng of which is substituted by a lower alkyl, lower 

After the react.cn me desired compound (la) of the aJk ^ Qr .. ^ ' reaction js ^ 

present eaction is obtained, for example, by concentrating m ^toent using a reducing agent. 

the reaction mixture, adding an organic solvent immiscible 30 ^ , * ble here * ,* feraW mc]ude 

w,th water such as ethyl acetate, washing with water, alcohob ^ ag m ^ no , ethano] J d F ' ^ ^ 

separating an organic layer containing the denied com- such M dietn , ^ tetrahydrofuran ^ J QX ^ e . ^ oaul&e 

pound, drying over anhydrous magnesium sulfate and d.s- hydrocarbons such as ^eL, benzene and xylene; aliphatic 

1 i? 8 ° . e , S ° v * n ' , . . , „ ' .„ , hydrocarbons such as hexane and cyclohexane; esters such 

The desired product thus obtained can be further purified, 3J as ethy) acetate ^ , acetate . 0I ^ C acids such as 

if necessary, by a conventional method, for example recrys- acetic acid . ora of mese Q[ ^ c ^ water 

talhzation, silica gel column chromatography and the like. ^ a?en , emp]oyable here is not panicky 

(Step A-5) limited so long as it is usually used for a catalytic reduction 

The present step is to prepare the compound (lb) by and mav Preferably include palladium on carbon, Raney 

reacting the compound (la) obtained by Step A-4 with a 40 m ^ e1 ' P la ««»un oxide, platinum black, rhodium-aluminum 

deprotecting reagent in an inert solvent. oxlde ' tnphenylphosphine-rhodium chloride and palladium- 

The deprotection method varies depending on the kind of barium sulfate. . „ - 

protecting group and is not particularly limited unless it ™? pr f SUre 18 not P amculaH y ****** »sua"y from 

causes other side reactions and can be carried out, for „ 2* 8 m : . ^ . ~ no „ t ^ - 

example, by a method described in "Protective Groups in 45 . J*» f ^TrT^^ " m ° °' '° 60 C " ^ 

Organic Synthesis" (Theodora W. Greene and Peter G. M. aD1 I mm 10 . -~ lrt . . . „„ . 

Wuts, 1999, Published by A Wiley-Interscience Publica- ™ e £? Ctlon tmle ,s , ^ i0 u nunutes ,0 24 houre ' P ref " 

j. * erably from one hour to three hours. 

„ , , , . , After the reaction, the desired compound (lb) of the 

Particularly, the deprotection method can be earned out 50 t reaction is obtained for e j b remoyi the 

by the following methods m the case where the protecting reducing agent from ±Q reaction ^ flddi m ^ 

^ V J S ^ll 311 1^ 10 " aromat,c l ac y solventimmisciblewithwatersuchasethylacetate, washing 

group (2) a methyl group substitut^ by from to 3 ary with watefj m m anic , ef containin th ° 

groups or a methyl group substituted by from 1 to 3 aryl des ired compound, drying over anhydrous magnesium sul- 

groups the aryl nng of which is substituted by lower alkyl 55 fate ^ distim off the so]vent ^ e ^ ^ 

lower alkoxy, halogen or cyano group" or (3) "a silyl group". obtained can be purified> if necessaiyj ^ a 

(1) In the case where the protecting group is an aliphatic tional method, for example, recrystallization, silica gel col- 

acyl group or an aromatic acyl group, the deprotection umn chromatography and the like, 

reaction is usually carried out by treating it with a base in an i n me case where the protecting group is "a methyl group 

inert solvent. 60 substituted by three aryl groups'*, i.e., a trityl group, the 

The solvent employable here is not particularly limited so deprotection reaction can be also carried out using an acid, 

long as it is easily mixed with water, does not inhibit the In this case, the solvent employable here may include 

reaction and dissolves the starting material to some extent aromatic hydrocarbons such as benzene, toluene and xylene; 

and may include aqueous or anhydrous amides such as halogenated hydrocarbons such as methylene chloride, chlo- 

dimethylformamide and dimethylacetamide; halogenated 65 roform, carbon tetrachloride, 1,2 -dichloroethane, chJoroben- 

hydrocarbons such as methylene chloride, chloroform, 1 ,2- zene and dichlorobenzene; alcohols such as methanol, etha- 

dichloroethane or carbon tetrachloride; and ethers such as nol, isopropanol and tert-butanol; nitrites such as acetonitrile 
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and isobutyronitrile; amides such as formamide, N,N-dim- 
ethylformamide, N,N-dimethylacetamide, N-methyl-2-pyr- 
rolidone, N-methylpyrrolidinone and hexamethylphospho- 
ric triamide; and organic acids such as acetic acid; preferably 
organic acids (particularly acetic acid) or alcohols (particu- 
larly tert-butanol). 

The acid employable here may preferably include acetic 
acid or trifluoroacetic acid. 

The reaction temperature is from 0° C. to 60° C, prefer- 
ably from 20° C. to 40° C. 

The reaction time is from 10 minutes to 24 hours, pref- 
erably from one 1 to 3 hours. 

After the reaction, the desired compound (lb) of the 
present reaction is obtained, for example, by neutralizing the 
reaction mixture, adding an organic solvent immiscible with 
water such as ethyl acetate, washing with water, separating 
an organic layer containing the desired compound, drying 
over anhydrous magnesium sulfate and distilling off the 
solvent. 

The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 
tallization, silica gel column chromatography and the like. 

(3) In the case where the protecting group is "a silyl 
group", it can usually be removed by treating with a com- 
pound producing a fluorine anion such as tetrabutylammo- 
nium fluoride, hydrofluoric acid, hydrofluoric acid-pyridine 
and potassium fluoride, or organic acids such as acetic acid, 
methanesulfonic acid, para-toluenesulfonic acid, trifluoro- 
acetic acid and trifluoromethanesulfonic acid, or inorganic 
acids such as hydrochloric acid. 

In the case where the protecting group is removed by a 
fluorine anion, the reaction is sometimes promoted by add- 
ing organic acids such as formic acid, acetic acid and 
propionic acid thereto. 

The solvent employable here is not particularly limited so 
long as it does not inhibit the reaction and dissolves the 
starting material to some extent and may preferably include 
ethers such as diethyl ether, diisopropyl ether, tetrahydro- 
furan, dioxane, dimethoxyethane and (Methylene glycol dim- 
ethyl ether; nitrites such as acetonitrile and isobutyronitrile; 
water, organic acids such as acetic acid; and a mixture 
thereof. 

The reaction temperature is from 0° C. to 100° C, 
preferably from 20° C. to 70° C. 

The reaction time is from 5 minutes to 48 hours, prefer- 
ably from one hour to 24 hours. 

After the reaction, the desired compound (lb) of the 
present reaction is obtained, for example, by concentrating 
the reaction mixture, adding an organic solvent immiscible 
with water such as ethyl acetate, washing with water, 
separating an organic layer containing the desired com- 
pound, drying over anhydrous magnesium sulfate and dis- 
tilling off the solvent. The desired product thus obtained can 
be further purified, if necessary, by a conventional method, 
for example, recry stall ization, silica gel column chromatog- 
raphy and the like. 

(Step A-6) 

The present step is to prepare the compound (lc) of the 
present invention by reacting the compound (lb) obtained in 
Step A-5 with a deprotection reagent in an inert solvent. 

The deprotection method varies depending on the kind of 
protecting group and is not particularly limited so long as it 
does not cause other side reactions and can be carried out, 
for example, by a method described in "Protective Groups in 
Organic Synthesis" (by Theodora W. Greene, 1981, pub- 
lished by A Wiley-Interscience Publication). 
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Particularly, the deprotection method can be carried out 
by the following method in the case where the protecting 
group is an aliphatic acyl group or an aromatic acyl group. 
Namely, the deprotection method is usually carried out by 
5 reacting with a base in an inert solvent in the case where the 
protecting group is an aliphatic acyl group or an aromatic 
acyl group. 

The solvent employable here is not particularly limited so 
io long as it is easily mixed with water, does not inhibit the 
reaction and dissolves the starting material to some extent 
and may include aqueous or anhydrous alcohols such as 
methanol and ethanol; amides such as dimethylformamide 
and dimethylacetamide; halogenated hydrocarbons such as 
15 methylene chloride, chloroform, 1 ,2-dichloroethane or car- 
bon tetrachloride; and ethers such as tetrahydrofuran, diethyl 
ether and dioxane; preferably alcohols; more preferably 
methanol. 

The base employable here may include alkali metal 
20 hydroxides such as lithium hydroxide, potassium hydroxide 
and sodium hydroxide; alkali metal carbonates such as 
sodium carbonate and potassium carbonate; alkali metal 
alkoxides such as sodium methoxide and sodium ethoxide; 
and ammonia; preferably ammonia. 

The reaction temperature is from 0° C. to 50° C, prefer- 
ably from 10° C. to 40° C. 

The reaction time is from 10 minutes to 24 hours, pref- 
erably from 10 minutes to 15 hours. After the reaction, the 
30 desired compound (lc) of the present reaction is obtained, 
for example, by concentrating the reaction mixture, adding 
an organic solvent immiscible with water such as ethyl 
acetate, washing with water, separating an organic layer 
containing the desired compound, drying over anhydrous 
3 S magnesium sulfate and distilling off the solvent. 

The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 
ta 11 ization, silica gel column chromatography and the like. 

The intermediate (3) described above can be prepared by 
40 Processes B to D described below. 
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-continued 




D-3 



(14) 




(3b) 



In Processes B to D, X and Y have the same meanings as 
denned above; R 9 represents a group which forms a leaving 
group; E represents an ethylene, trimethylene or tetrameth- 
ylene group; and 2 represents a single bond, a methylene or 
ethylene group. 

The group which forms a leaving group of R 9 may include 
the group described in the above R 7 , preferably a trifluo- 
romethanesulfonyl group. 

R 1 1 and R 1 2 are the same and represent a hydrogen atom 
or taken together form an oxygen atom. 

In the case where R 11 and R 12 taken together form the 
oxygen atom, R 10 represents an alkyl group having from 1 
to 4 carbon atoms such as methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, s-butyl and tert-butyl, preferably a methyl 
group. In the case where R u and R 1 2 are the same and 
represent a hydrogen atom, R 10 may include an aralkyl 
group such as a benzyl group; an alkoxy alkyl group such as 
a methoxymethyl group; an arylcarbonyloxymethyl group 
such as a benzoyloxymethyl group, an aralkyloxymethyl 
group such as a benzyloxymethyl group; an alkoxyalkoxy- 
alkyl group such as a methoxyethoxymethyl group; a silyl 
group such as trimethylsilyl, t-butyldimethylsilyl, diphenyl- 
methylsilyl, diphenylbutyl silyl, diphenylisopropyl silyl and 
phenyldiisopropy lsilyl . 

The compound (7), i.e., the starting material used in 
Process B or Process C can be prepared by the following 
method. 

Namely, a compound corresponding to the compound (6) 
of which the "X" moiety is a hydrogen atom is prepared 
from 1,1,5,6-diisopropylidene D-glucose on public sale 
according to the method of the literature (R. D. Youssefyeh, 
J. P. H. Verheyden, J. G. Moffatt. J. Org. Chem., 44, 
1301-1309 (1979)) and subsequently the compound (6) can 
be prepared according to the method of the literature (T. 
Waga, T. Nishizaki, I. Miyakawa, H. Ohrui, H. Meguro, 
Biosci. Biotechnoi Biochem., 57, 1433-1438 (1993)) (in the 
case of X=Bn). 

(Process B) 
(Step B-l) 

The present step is to prepare the compound (8) by 
reacting the compound (7) prepared by the above method 
with a reagent for introducing a leaving group in the 
presence of a base catalyst in an inert solvent. 

The solvent employable here may include amides such as 
dimethylfornamide and dimethylacetamide; halogenated 
hydrocarbons such as methylene chloride, chloroform, 1,2- 
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dichloroethane or carbon tetrachloride; and ethers such as 
tetrahydrofuran, diethyl ether and dioxane; preferably meth- 
ylene chloride. 

The base catalyst employable here may preferably include 
a base such as triethylamine, pyridine and dimethylami- 5 
nopyridine. 

The reagent employable for introducing a leaving group 
may preferably include trifluoromethanesulfonic acid chlo- 
ride or trifluoromethanesulfonic anhydride. 

The reaction temperature varies depending on the starting 10 
material, the solvent and the acid catalyst, but is usually 
from -100° C. to -50° C, preferably from -100° C. to -70° 
C. 

The reaction time varies depending on the starting mate- 
rial, the solvent, the acid catalyst and the reaction tempera- 15 
ture but is usually from 30 minutes to 1 2 hours, preferably 
from 30 minutes to 3 hours. 

After the reaction, the desired compound (8) of the 
present reaction is obtained, for example, by concentrating 
the reaction mixture, adding an organic solvent immiscible 20 
with water such as ethyl acetate, washing with water, 
separating an organic layer containing the desired com- 
pound, drying over anhydrous magnesium sulfate and dis- 
tilling off the solvent. 

The desired product thus obtained can be further purified, 25 
if necessary, by a conventional method, for example, recrys- 
tallization, silica gel column chromatography and the like. 

(Step B-2) 

The present step is to prepare the compound (9) by ^ 
reacting the compound (8) prepared by Step B-l with a 
cyanating reagent in an inert solvent. 

The solvent employable here may include amides such as 
dimethylformamide and dimethylacetamide; halogenated 
hydrocarbons such as methylene chloride, chloroform, 1,2- 35 
dichloroethane or carbon tetrachloride; ethers such as tet- 
rahydrofuran, diethyl ether and dioxane; acetonitrile; dim- 
ethylsulfoxide and the like; preferably amides 
(dimethylformamide). 

The cyanating reagent employable here may include ^ 
KCN, NaCN and trimethylsilane cyanide, preferably NaCN. 

The reaction temperature varies depending on the starting 
material, the solvent and the cyanating reagent but is usually 
from 0° C. to 100° C, preferably from 30° C. to 70° C. 

The reaction time varies depending on the starting mate- 45 
rial, the solvent, the cyanating reagent and the reaction 
temperature but is usually from 30 minutes to 12 hours, 
preferably from one 1 to 3 hours. 

After the reaction, the desired compound (9) of the 
present reaction is obtained, for example, by concentrating ^ 
the reaction mixture, adding an organic solvent immiscible 
with water such as ethyl acetate, washing with water, 
separating an organic layer containing the desired com- 
pound, drying over anhydrous magnesium sulfate and dis- 
tilling off the solvent. 55 

The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 
tallization, silica gel column chromatography and the like. 

(Step B-3) 

The present step is to prepare the compound (10) by 60 
reacting the compound (9) prepared in Step B-2 with a 
reducing agent in an inert solvent. 

The solvent employable here may include halogenated 
hydrocarbons such as methylene chloride, chloroform, 1 ,2- 
dichloroethane or carbon tetrachloride; aliphatic hydrocar- 65 
bons such as hexane, heptane, ligroin and petroleum ether; 
aromatic hydrocarbons such as benzene, toluene and xylene; 



ethers such as diethyl ether, diisopropyl ether, tetrahydro- 
furan, dioxane, dimethoxyethane and diethy lene glycol dim- 
ethyl ether; and ketones such as acetone, methyl ethyl 
ketone, methyl isobutyl ketone isophorone and cyclohex- 
anone; preferably halogenated hydrocarbons (particularly 
methylene chloride). 

The reducing agent employable here may include di isobu- 
tyl aluminum hydride and triethoxy aluminum hydride, 
preferably di isobutyl aluminum hydride. 

The reaction temperature varies depending on the starting 
material, the solvent and the reducing agent but is usually 
from -100° C. to -50° C, preferably from -90° C. to -70° 
C. 

The reaction time varies depending on the starting mate- 
rial, the solvent, the reducing agent and the reaction tem- 
perature but is usually from 30 minutes to 12 hours, pref- 
erably from 1 hour to 5 hours. 

After the reaction, the desired compound (10) of the 
present reaction is obtained, for example, by concentrating 
the reaction mixture, adding an organic solvent immiscible 
with water such as ethyl acetate, washing with water, 
separating an organic layer containing the desired com- 
pound, drying over anhydrous magnesium sulfate and dis- 
tilling off the solvent. 

The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 
tallization, silica gel column chromatography and the like. 

(Step B-4) 

The present step is to prepare the compound (3a), one of 
the starting materials of Process A by reacting the compound 
(10) prepared in Step B-3 with a reducing agent in an inert 
solvent. 

The solvent employable here may include alcohols such 
as methanol, ethanol, n-propanol, isopropanol, n-butanol, 
isobutanol, t-butanol, isoamyl alcohol, diethylene glycol, 
glycerine, octanol, cyclohexanol and methyl cellosolve; and 
acetic acid; preferably alcohols (particularly ethanol). 

The reducing agent employable here may include alkali 
metal boron hydrides such as sodium boron hydride and 
lithium boron hydride; aluminum hydride compounds such 
as lithium aluminum hydride and lithium triethoxide alumi- 
num hydride; and borane; preferably sodium boron hydride. 

The reaction temperature varies depending on the starting 
material, the solvent and the reducing agent but is usually 
from 0° C. to 50° C, preferably from 10° C. to 40° C. 

The reaction time varies depending on the starting mate- 
rial, the solvent, the reducing agent and the reaction tem- 
perature but is usually from 10 minutes to 12 hours, pref- 
erably from 30 minutes to 5 hours. 

After the reaction, the desired compound (3a) of the 
present reaction is obtained, for example, by decomposing 
the reducing agent, concentrating the reaction mixture, add- 
ing an organic solvent immiscible with water such as ethyl 
acetate, washing with water, separating an organic layer 
containing the desired compound, drying over anhydrous 
magnesium sulfate and distilling off the solvent. 

The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 
tallization, silica gel column chromatography and the like. 

(Process C) 
(Step C-l) 

The present step is to prepare the compound (11) by 
reacting the compound (7) prepared in the above process 
with an oxidizing agent in an inert solvent. 
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The solvent employable here may include aliphatic hydro- 
carbons such as hexane, heptane, ligroin and petroleum 
ether; aromatic hydrocarbons such as benzene, toluene and 
xylene; halogenated hydrocarbons such as methylene chlo- 
ride, chloroform, carbon tetrachloride, dichloroethane, chlo- 
robenzene and dichlorobenzene; esters such as ethyl for- 
mate, ethyl acetate, propyl acetate, butyl acetate and diethyl 
carbonate; ethers such as diethyl ether, diisopropyl ether, 
tetrahydrofuran, dioxane, dimethoxyethane, diethylene gly- 
col dimethyl ether, and ketones such as acetone, methyl 
ethyl ketone, methyl isobutyl ketone, isophorone and cyclo- 
hexanone; preferably halogenated hydrocarbons (particu- 
larly methylene chloride). 

The oxidizing agent employable here may include the 
Swern reagent for oxidation, the Dess-Martin reagent for 
oxidation, a chromium trioxide complex such as pyridine 
hydrochloride/chromium trioxide complex (pyridinium 
chlorochromate and pyridinium dichromate), preferably the 
Swern reagent for oxidation (namely, dimethyl sulfoxide- 
oxalyl chloride). 

The reaction temperature varies depending on the starting 
material, the solvent and the oxidizing agent but is usually 
from -100° C. to -50° C, preferably from -100° C. to -70° 
C 

The reaction time varies depending on the starting mate- 
rial, the solvent, the oxidizing agent and the reaction tem- 
perature but is usually from 30 minutes to 12 hours, pref- 
erably from 1 hour to 5 hours. 

After the reaction, the desired compound (11) of the 
present reaction is obtained, for example, by decomposing 
the oxidizing agent, concentrating the reaction mixture, 
adding an organic solvent immiscible with water such as 
ethyl acetate, washing with water, separating an organic 
layer containing the desired compound, drying over anhy- 
drous magnesium sulfate and distilling off the solvent. 

The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 
tallization, silica gel column chromatography and the like. 

(Step C-2) 

The present step is to prepare the compound (12) by 
reacting the compound (11) prepared in Step C-l with a 
carbon-increasing reagent in an inert solvent. 

The solvent employable here may include aliphatic hydro- 
carbons such as hexane, heptane, ligroin and petroleum 
ether; aromatic hydrocarbons such as benzene, toluene and 
xylene; halogenated hydrocarbons such as methylene chlo- 
ride, chloroform, carbon tetrachloride, dichloroethane, chlo- 
robenzene and dichlorobenzene; esters such as ethyl for- 
mate, ethyl acetate, propyl acetate, butyl acetate and diethyl 
carbonate; ethers such as diethyl ether, diisopropyl ether, 
tetrahydrofuran, dioxane, dimethoxyethane, diethylene gly- 
col dimethyl ether, and ketones such as acetone, methyl 
ethyl ketone, methyl isobutyl ketone, isophorone and cyclo- 
hexanone; preferably halogenated hydrocarbons (particu- 
larly methylene chloride). 

The reagent employable here may include the Wittig 
reagent, Horner-Emmons reagent, Peterson reaction reagent, 
TiCl 4 — CH 2 C1 2 — Zn system reaction agent and Tebbe 
reagent, preferably the Wittig reagent, Horner-Emmons 
reagent and Tebbe reagent. 

The reaction temperature varies depending on the starting 
material, the solvent and the carbon- increasing reagent but 
is usually from -20° C to 20° C, preferably 0° C. 

The reaction time varies depending on the starting mate- 
rial, the solvent, the carbon-increasing reagent and the 



*5,765 B2 

48 

reaction temperature but is usually from 30 rninutes to 12 
hours, preferably from 1 hour to 5 hours. 

After the reaction, the desired compound (12) of the 
present reaction is obtained, for example, by concentrating 

5 the reaction mixture, adding an organic solvent immiscible 
with water such as ethyl acetate, washing with water, 
separating an organic layer containing the desired com- 
pound, drying over anhydrous magnesium sulfate and dis- 
tilling off the solvent. 

l o The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 
tallization, silica gel column chromatography and the like. 

(Step C-3) 

The present step is to prepare the compound (3a) by 
selectively introducing a hydroxy! group to a terminal 
carbon of olefin of the compound (12) prepared in Step C-2 
in an inert solvent. 
The solvent employable here may include aliphatic hydro- 

20 carbons such as hexane, heptane, ligroin and petroleum 
ether; aromatic hydrocarbons such as benzene, toluene and 
xylene; halogenated hydrocarbons such as methylene chlo- 
ride, chloroform, carbon tetrachloride, dichloroethane, chlo- 
robenzene and dichlorobenzene; esters such as ethyl for- 

25 mate, ethyl acetate, propyl acetate, butyl acetate and diethyl 
carbonate; ethers such as diethyl ether, diisopropyl ether, 
tetrahydrofuran, dioxane, dimethoxyethane and diethylene 
glycol dimethyl ether, and ketones such as acetone, methyl 
ethyl ketone, methyl isobutyl ketone, isophorone and cyclo- 

30 hexanone; preferably ethers (particularly tetrahydrofuran). 
The reaction reagent employable here may include 
borane, disiamyl borane, thexyl borane, 9-BBN (9-borabi- 
cyclo[3.3.1]nonane), preferably the 9-BBN. 

The reaction temperature varies depending on the starting 

35 material, the solvent and the reagent but is usually from 0° 
C. to 50° C, preferably from 10° C. to 40° C. 

The reaction time varies depending on the starting mate- 
rial, the solvent, the reagent and the reaction temperature but 
is usually from 6 hours to 48 hours, preferably from 1 2 hours 

40 to 24 hours. 

After the reaction, the desired compound (3a) of the 
present reaction is obtained, for example, by concentrating 
the reaction mixture, adding an organic solvent immiscible 
with water such as ethyl acetate, washing with water, 

45 separating an organic layer containing the desired com- 
pound, drying over anhydrous magnesium sulfate and dis- 
tilling off the solvent. 

The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 

50 tallization, silica gel column chromatography and the like. 

(Process D) 
(Step D-l) 

The present step is to prepare the compound (13) by 
55 reacting the compound (11) prepared in Step C-l with a 
carbon-increasing reagent in an inert solvent. 

The solvent employable here may include aliphatic hydro- 
carbons such as hexane, heptane, ligroin and petroleum 
ether; aromatic hydrocarbons such as benzene, toluene and 
60 xylene; halogenated hydrocarbons such as methylene chlo- 
ride, chloroform, carbon tetrachloride, dichloroethane, chlo- 
robenzene and dichlorobenzene; esters such as ethyl for- 
mate, ethyl acetate, propyl acetate, butyl acetate and diethyl 
carbonate; ethers such as diethyl ether, diisopropyl ether, 
65 tetrahydrofuran, dioxane, dimethoxyethane and diethylene 
glycol dimethyl ether, and ketones such as acetone, methyl 
ethyl ketone, methyl isobutyl ketone, isophorone and cyclo- 
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hexanone; preferably ethers (particularly tetrahydrofuran), 
more preferably halogenated hydrocarbons (particularly 
methylene chloride). 

The carbon-increasing reagent employable here may 
include the Wittig reagent and Horner-Emmons reagent. 

The reaction temperature varies depending on the starting 
material, the solvent and the reagent but is usually from -20° 
C. to 40° C, preferably from 0° C. to 20° C. 

The reaction time varies depending on the starting mate- 
rial, the solvent, the reagent and the reaction temperature but 
is usually from 30 minutes to 12 hours, preferably from 1 
hour to 5 hours. 

After the reaction, the desired compound (13) of the 
present reaction is obtained, for example, by concentrating 
the reaction mixture, adding an organic solvent immiscible 
with water such as ethyl acetate, washing with water, 
separating an organic layer containing the desired com- 
pound, drying over anhydrous magnesium sulfate and dis- 
tilling off the solvent. 

The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 
tallization, silica gel column chromatography and the like. 

(Step D-2) 

The present step is to prepare the compound (14) by 
reacting the compound (13) prepared in Step D-l with a 
reducing agent in an inert solvent. 

The present step can be carried out according to (2) of 
Step A-5. In the case where R 10 is an optionally substituted 
benzyl group and R 11 and R 12 are hydrogen atoms, the 
compound (3b) can be directly prepared in this step. 

(Step D-3) 

The present step is to prepare the compound (3b), one of 
the starting materials of Process A by reacting the compound 
(14) prepared in Step D-2 with a reducing agent. 

(a) In the case where R u and R 12 taken together form an 
oxygen atom. 

The solvent employable here may include alcohols such 
as methanol, ethanol, n-propanol, isopropanol, n-butanol, 
isobutanol, t-butanol, isoamyl alcohol, diethylene glycol, 
glycerine, octanol, cyclohexanol and methyl cellosolve; and 
acetic acid; preferably alcohols (particularly ethanol). 

The reducing agent employable here may include alkali 
metal boron hydrides such as lithium boron hydride; alumi- 
num hydride compounds such as lithium aluminum hydride 
and lithium triethoxide aluminum hydride; and borane; 
preferably borane and lithium aluminum hydride. 

The reaction temperature varies depending on the starting 
material, the solvent and the reducing agent but is usually 
from 0° C. to 50° C, preferably from 10° C. to 40° C. 

The reaction time varies depending on the starting mate- 
rial, the solvent, the reducing agent and the reaction tem- 
perature but is usually from 10 minutes to 12 hours, pref- 
erably from 30 minutes to 5 hours. 

After the reaction, the desired compound (3b) of the 
present reaction is obtained, for example, by decomposing 
the reducing agent, concentrating the reaction mixture, add- 
ing an organic solvent immiscible with water such as ethyl 
acetate, washing with water, separating an organic layer 
containing the desired compound, drying over anhydrous 
magnesium sulfate and distilling off the solvent 

The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 
tallization, silica gel column chromatography and the like. 

(b) In the case where R u and R 12 are hydrogen atoms and 
R 10 is a group other than a benzyl group. 
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In the case where R 10 is a silyl group, the present step can 
be carried out according to the method of (3) of Step A-5. 

In the case where R 10 is an aralkyl group such as a benzyl 
group; an alkoxyalkyl group such as a methoxymethyl 
group; an arylcarbonyloxymethyl group such as a benzoy- 
loxymethyl group or an aralkyloxymethyl group such as a 
benzyloxymethyl group; and an alkoxyalkoxyalkyl group 
such as a methoxyethoxymethyl group, an acid catalyst is 
used and the acid catalyst used in this case may include an 
organic acid such as p-toluenesulfonic acid, trifluoroacetic 
acid and dichloroacetic acid and a Lewis acid such as BF 3 
and A1C1 3 . 

The solvent employable here may include aromatic 
hydrocarbons such as benzene, toluene and xylene; haloge- 
nated hydrocarbons such as methylene chloride, chloroform, 
carbon tetrachloride, 1,2-dichloroethane, chlorobenzene and 
dichloro benzene; nitrites such as acetonitrile and isobuty- 
ronitrile; amides such as formamide, N,N-dimethylforma- 
mide, N,N-dimethylacetamide, N-methyl-2-pyrrolidone, 
N-methylpyrrolidinone and hexamethylphosphoric tria- 
mide; and carbon sulfide. 

The reaction temperature varies depending on the starting 
material, the solvent and the acid catalyst but is usually from 
0° C. to 50° C, preferably from 10° C. to 40° C. 

The reaction time varies depending on the starting mate- 
rial, the solvent, the acid catalyst and the reaction tempera- 
ture and is usually from 10 minutes to 12 hours, preferably 
from 30 minutes to 5 hours. 

After the reaction, the desired compound (3b) of the 
present reaction is obtained, for example, by neutralizing the 
reaction mixture, adding an organic solvent immiscible with 
water such as ethyl acetate, washing with water, separating 
an organic layer containing the desired compound, drying 
over anhydrous magnesium sulfate and distilling off the 
solvent. 

The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 
tallization, silica gel column chromatography and the like. 

Oligonucleotides containing a modified nucleoside or a 
thioate derivative thereof can be prepared by Process E 
described below using the compound (1) of the present 
invention. 
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In Process E, A and B have the same meaning as defined 
above; R 13 represents a hydroxyl protecting group (particu- 
larly a trityl group which may be substituted by a methoxy 
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group); R M represents a phosphonyl group or a group 
formed by reacting mono-substituted chloro(aJkoxy)phos- 
phines or di-substituted alkoxyphosphines described later 

(Process E) 

5 

(Step E-l) 

The present step is to prepare the compound (15) by 
reacting the compound (1) prepared in Process A with a 
protecting reagent in an inert solvent. 

The solvent employable here may preferably include 10 
aromatic hydrocarbons such as benzene, toluene and xylene; 
halogenated hydrocarbons such as methylene chloride, chlo- 
roform, carbon tetrachloride, dichloroethane, chlorobenzene 
and dichlorobenzene; esters such as ethyl formate, ethyl 
acetate, propyl acetate, butyl acetate and diethyl carbonate; 15 
ethers such as diethyl ether, diisopropyl ether, tetra hydro - 
furan, dioxane, dimethoxyethane and diethylene glycol dim- 
ethyl ether; ketones such as acetone, methyl ethyl ketone, 
methyl isobutyl ketone, isophorone and cyclohexanone; 
nitrated compounds such as nitroethane and nitrobenzene; 20 
nitrites such as acetonitrile and isobutyronitrile; amides such 
as formamide, dimethylformaxnide (DMF), dimethylaceta- 
mide and hexamethylphosphoric triamide; sulfoxides such 
as dimethyl sulfoxide and sulfolane; aliphatic tertiary 
amines such as trimemylamine, triethylamine and N-meth- 2 $ 
ylmorpholine; and aromatic amines such as pyridine and 
picoline; more preferably halogenated hydrocarbons (par- 
ticularly methylene chloride) and aromatic amines (particu- 
larly pyridine). 

The protecting reagent employable here is not particularly 30 
limited so long as only the 5 f -position can be selectively 
protected and it can be removed under acidic or neutral 
conditions but may preferably include triarylmethyl halides 
such as trityl chloride, monomethoxytrityl chloride and 
dimethoxytrityl chloride. 35 

In the case where triarylmethyl halides are used as the 
protecting reagent, a base is usually used. 

In such case, the base employable here may include 
heterocyclic amines such as pyridine, dimethylaminopyri- 
dine and pyrrolidinopyridine; and aliphatic tertiary amines 40 
such as trimethylamine and triethylamine; preferably pyri- 
dine, dimethylaminopyridine and pyrrolidinopyridine. 

In the case where a liquid base is used as the solvent, since 
the base itself functions as an acid trapping agent, it is not 
necessary to add another base. 45 

The reaction temperature varies depending on the starting 
material, the reagent and the solvent but is usually from 0° 
C. to 150° C, preferably from 20° C. to 100° C. The reaction 
time varies depending on the starting material, the solvent 
and the reaction temperature but is usually from 1 hour to 50 
100 hours, preferably from 2 hours to 24 hours. 

After the reaction, the desired compound (15) of the 
present reaction is obtained, for example, by concentrating 
the reaction mixture, adding an organic solvent immiscible 
with water such as ethyl acetate, washing with water, 55 
separating an organic layer containing the desired com- 
pound, drying over anhydrous magnesium sulfate and dis- 
tilling off the solvent. 

The desired product thus obtained can be further purified, 
if necessary, by a conventional method, for example, recrys- 60 
tallization, silica gel column chromatography and the like. 

(Step E-2) 

The present step is to prepare the compound (16) by 
reacting the compound (15) prepared in Step E-l with 
mono-substituted chloro(alkoxy)phosphines or di-substi- 65 
tuted alkoxyphosphines usually used for amiditation in an 
inert solvent. 



The solvent employable here is not particularly limited so 
long as it does not affect the reaction and may preferably 
include ethers such as teti^ydrofuran, diethyl ether and 
dioxane; and halogenated hydrocarbons such as methylene 
chloride, chloroform, carbon tetrachloride, dichloroethane, 
chlorobenzene and dichlorobenzene. 

The mono-substituted chloro(alkoxy)phosphines employ- 
able here may include phosphine derivatives such as chloro 
(morpholino)methoxyphosphine, chloro(morpholino)cyano- 
ethoxyphosphine, cMoro(dimethylamino) 
methoxyphosphine, chloro(dimethylamino) 
cyanoethoxyphosphine, chloro(misopropylamino) 
methoxyphosphine and chloro(diisopropylamino) 
cyanoethoxyphosphine, preferably chloro(morpholino) 
methoxyphosphine, chloro(morpholino) 
cyanoethoxyphosphine, cWoro(d^isopropylamino) 
methoxyphosphine and chloro(diisopropylamino) 
cyanoethoxyphosphine. 

In the case where the mono-substituted-chloro(alkoxy) 
phosphines are used, an acid trapping agent is used and in 
such case, the acid trapping agent employable here may 
include heterocyclic amines such as pyridine and dimethy- 
laminopyridine; and aliphatic amines such as trimethy- 
lamine, triethylamine and diisopropylamine; preferably ali- 
phatic amines (particularly diisopropylamine). 

The di-substituted alkoxyphosphines employable here 
may include phosphine derivatives such as bis(diisopropy- 
lamino Cyanoethoxyphosphine, bis(diemylamino)methane- 
sulfonylethoxyphosphine, bis(diisopropylamino)(2,2,2- 
trichloroethoxy)phosphine and bis(diisopropylamino)(4- 
chlorophenylmethoxy)phosphine, preferably bis 
(diisopropylamino)cyanoethoxyphosphine. 

In the case where the di-substituted alkoxyphosphines are 
used, an acid is used, and in such case, the acid employable 
may preferably include tetrazole, acetic acid or p-toluene- 
sulfonic acid. 

The reaction temperature is not particularly limited but is 
usually from 0° C. to 80° C, preferably room temperature. 

The reaction time varies depending on the starting mate- 
rial, the reagent and the reaction temperature, but is usually 
from 5 minutes to 30 hours, preferably from 30 minutes to 
10 hours in the case where the reaction is carried out at room 
temperature. 

After the reaction, the desired compound (16) of the 
present reaction is obtained, for example, by appropriately 
neutralizing the reaction mixture, removing insolubles by 
filtration in the case where they exist, adding an organic 
solvent immiscible with water such as ethyl acetate, washing 
with water, separating an organic layer containing the 
desired compound, drying over anhydrous magnesium sul- 
fate and distilling off the solvent. The desired product thus 
obtained can be further purified, if necessary, by a conven- 
tional method, for example, recrystallization, reprecipitation 
or chromatography and the like. 

Alternatively, the present step is to prepare the compound 
(16) by reacting the compound (15) prepared in Step E-l 
with tris-(l,2,4-triazoIyl)phosphite in an inert solvent (pref- 
erably halogenated hydrocarbons such as methylene chlo- 
ride), followed by the addition of water to effect H-phos- 
phonation. 

The reaction temperature is not particularly limited, but is 
usually from -20° C. to 100° C, preferably from 10 to 40° 

C. 

The reaction time varies depending on the starting mate- 
rial, the reagent and the reaction temperature and is usually 
from 5 minutes to 30 hours, preferably 30 minutes in the 
case where the reaction is carried out at room temperature. 
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After the reaction, the desired compound (16) of the there are no particular restrictions on the buffer solution 

present reaction is obtained, for example, by appropriately provided it is a buffer solution suitable for enzymes, Tris- 

neutralizing the reaction mixture, removing insolubles by HC1 buffer is used in the case of snake venom phosphodi- 

filtration in the case where they exist, adding an organic esterase, while sodium acetate buffer is used in the case of 

solvent immiscible with water such as ethyl acetate, washing 5 endonuclease PI. In addition, metal ions are added to the 

with water, separating an organic layer containing the buffer solution as necessary. Examples of metal ions used 

desired compound, drying over anhydrous magnesium sul- include Mg 2 * in the case of snake venom phosphodiesterase 

fate and distilling off the solvent. The desired product thus and Zn 2 * in the case of endonuclease. The reaction tem- 

obtained can be further purified, if necessary, by a conven- perature is preferably 0 to 100° C, and more preferably 30 

tional method, for example, recrystallization, reprecipitation 10 to 50° C. 

or chromatography and the like. Ethylenediamine tetraacetic acid (EDTA) is added after a 

predetermined amount of time followed by heating at 100° 

t^.l" i t ■* ... . . C. for 2 minutes in order to quench the reaction. 

In this step, the ta^et oligonucleotide analogue is pro- ^ of methods me of oli 

duced by an automated DNA synmesizer using at least one i$ ^ a me ^ d ^ ^ ^ qU 

compound (16) prepared in step E-2 and commercially nucleotide is IabeI1( £ whh a MsoXopet e tc. followed by 

available phosphoramidite reagents required for producing ^ d reaction ^ ^ ^ . ^ 

an oligonucleotide analogue of a desired nucleotide lyz J and so forth5 a me thod in which the cleavage reaction 

sequence in accordance with conventional methods ^ {g d reverse ^ ^ rform2nce H id 

An oligonucleotide analogue having a desired nucleotide 2Q chromat h (HPLC)) and a method in which the cleav- 

sequence can be synthesized by a DNA synthesizer such as duct . g ^ a d (such flS ethidium 

the Perkin-Elmer Model 392 usmg the phosphoramidite bromide) ^ ^ b . sin usin a com . 

method in accordance with the method described in the ou ter 

literature (Nucleic Acids Research, 12, 4539 (1984)). fonns of ^ oligonucleotide analogue having 

In addition, in the case of converting to a thioate as 2J one> or ^ Qr mQre stIuctures of me fonmlla (2) 0 f the 

desired, a thioate derivative can be obtained in accordance n , invention ^ tabletSi capsules, granules, pow- 

with the method described in the literature (Tetrahedron ders or for ora , administratioil) or injections or sup- 

Letters, 32, 3005 (1991), J. Am. Chem. Soc, 112, 1253 pos itories for parenteral administration. These dosage forms 

(1990)) using, besides sulfur, a reagent that forms a thioate m prepared by we n.known methods using carriers such as 

by reacting with trivalent phosphoric acid such as tetraeth- 3Q excipients (for cxamp i e , organic excipients such as sugar 

ylthiuram disulfide (TETD, Applied Biosystems Inc.) or der i va tives, e.g. lactose, sucrose, glucose, marmitol and 

Beaucage reagent (Millipore Corp.). sorbitol; starch derivatives, e.g. com starch, potato starch, 

The resulting crude oligonucleotide analogue can be a . starc h and dextrin; cellulose derivatives, e.g. crystalline 

purified by OligoPak (reverse phase chromatocolumn) and ce ]i u i ose ; gum arabic; dextran; and Pullulan; and inorganic 

the purity of the product can be confirmed by HPLC 35 exc i p i e nts such as silicate derivatives, e.g. light silicic 

analysis. anhydride, synthesized aluminium silicate, calcium silicate 

The chain length of the resulting oligonucleotide analogue ^ magnesium aluminate metasilicate; phosphates, e.g. 

is normally 2 to 50 units, and preferably 10 to 30 units, in calcium hydrogenphosphate; carbonates, e.g. calcium car- 

nucleoside units. bonate; and sulfates, e.g. calcium sulfate), lubricants (for 

The complementary chain formation ability and nuclease w example, stearic acid, stearic acid metal salts such as cal- 

enzyme resistance of the resulting oligonucleotide analogue culm ste arate and magnesium stearate; talc; colloidal silica; 

can be determined according to the methods described waxes such as bee gum and spermaceti; boric acid; adipic 

below. ac id ; sulfates, e.g. sodium sulfate; glycol; fumaric acid; 

Test Method 1 sodium benzoate; DL-leucine; fatty acid sodium salt; laur- 

The hybrid formation ability of the oligonucleotide ana- 45 vlsulfetes such as sodium lamylsulfate and magnesium 

logue of the present invention with respect to complemen- ^sulfate; silicic acids such as silicic anhydride and 

tary DNA and RNA can be determined by annealing the ^loc acid hydrate; and the above starch derivatives), bind- 

various resulting oligonucleotide analogues with an oligo- ers ( f ° r « am P le - hydroxypropy cellulose, hydroxypropyl 

nucleotide analogue composed of naturally-occurring DNA cellu lose, polyvinyl pyrrolidine Macrogol and com- 

or RNA having a complementary sequence and measuring 50 P ounds , « m f", to ,h{ ' above exc 'P len < s ). dismtegran s (for 

the melting temperature (Tm value). fBunple, cellulose derivatives, such as low-substituted 

A sample solution containing equal amounts of oligo- hydroxypropy ce u ose, carboxymethyl cellulose calcium 

nucleotid^analogueandnaturally^c^curringcomplementary carboxymrthyl ce lulose and internally bridged^ sodiumcar- 

oligonucleotide in sodium phospLe buffer solution was put boxymethyl cellulose; and chemically modified starch^el- 

into a boiling water bath and ihen slowly cooled to room 55 lu ' 0 ^ sucb » ^ arbo ^ me ^1 S f rch ' ^xym- 

temperamre over the course of time (annealing). The tern- sta ? h «* bnd B^ P 0 '™ Bm^done), stamhzers 

perature of the solution was then raised little by little from fraraoxybenzoates such as methylparaben and propy lpara- 

20° C. to 90° C. in the cell chamber of a spectrophotometer ben ! «*>? h ? ta 1 «?* ? chlorobutanol benzyl alcohol and 

(e.g., Shimadzu UV-2100PC) followed by measurement of P^nylethyl alcohol; benzalkomum chloride; phenol denva- 

ultraviolet absorption at 260 nm. 60 tives such as^phenol and cresol; ^e ro sal; dehydroacetic 

acid; and sorbic acid), comgents (for example, sweeteners, 
Test Method 2 Measurement of Nuclease Enzyme Resis- souring agents, flavors, etc. usually used), diluents, etc. 
tance More particularly, pharmaceutical compositions contain- 
To the oligonucleotide in a bufler solution was added a ing the active ingredient of the present invention may be in 
nuclease and the mixture was warmed. Examples of 65 any form suitable for the intended method of administration, 
nucleases that are used include snake venom phosphodi- When used for oral use for example, tablets, troches, loz- 
esterase, endonuclease PI and endonuclease SI. Although enges, aqueous or oil suspensions, dispersible powders or 
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granules, emulsions, hard or soft capsules, syrups or elixirs 
may be prepared. Compositions intended for oral use may be 
prepared according to any method known to the art for the 
manufacture of pharmaceutical compositions and such com- 
positions may contain one or more agents including sweet- 5 
ening agents, flavoring agents, coloring agents and preserv- 
ing agents, in order to provide a palatable preparation. 
Tablets containing the active ingredient in admixture with 
non-toxic pharmaceutically acceptable excipient which are 
suitable for manufacture of tablets are acceptable. These 10 
excipients may be, for example, inert diluents, such as 
calcium or sodium carbonate, lactose, calcium or sodium 
phosphate; granulating and disintegrating agents, such as 
maize starch, or alginic acid; binding agents, such as starch, 
gelatin or acacia; and lubricating agents, such as magnesium 1 5 
stearate, stearic acid or talc. Tablets may be uncoated or may 
be coated by known techniques including microencapsula- 
tion to delay disintegration and adsorption in the gastrointes- 
tinal tract and thereby provide a sustained action over a 
longer period. For example, a time delay material such as 20 
glyceryl monostearate or glyceryl distearate alone or with a 
wax may be employed. 

Formulations for oral use may be also presented as hard 
gelatin capsules where the active ingredient is mixed with an 
inert solid diluent, for example calcium phosphate or kaolin, 
or as soft gelatin capsules wherein the active ingredient is 
mixed with water or an oil medium, such as peanut oil, 
liquid paraffin or olive oil. 

Aqueous suspensions of the invention contain the active 
materials in admixture with excipients suitable for the 
manufacture of aqueous suspensions. Such excipients 
include a suspending agent, such as sodium carboxymeth- 
ylcellulose, methylcellulose, hydroxypropyl methylcellu- 
ose, sodium alginate, polyvinylpyrrolidone, gum tragacanth 
and gum acacia, and dispersing or wetting agents such as a 
naturally occurring phosphatide (e.g., lecithin), a condensa- 
tion product of an alkylene oxide with a fatty acid (e.g., 
polyoxyethylene stearate), a condensation product of ethyl- 
ene oxide with a long chain aliphatic alcohol (e.g., hepta- 
decaethyleneoxycetanol), a condensation product of ethyl- 
ene oxide with a partial ester derived from a fatty acid and 
a hexitol anhydride (e.g., polyoxyethylene sorbitan 
monooleate). The aqueous suspension may also contain one 
or more preservatives such as ethyl or n-propyl p-hydroxy- 
benzoate, one or more coloring agents, one or more flavor- 
ing agents and one or more sweetening agents, such as 
sucrose or saccharin. 

Oil suspensions may be formulated by suspending the 
active ingredient in a vegetable oil, such as arachis oil, olive 
oil, sesame oil or coconut oil, or in a mineral oil such as 
liquid paraffin. The oral suspensions may contain a thick- 
ening agent, such as beeswax, hard paraffin or cetyl alcohol. 
Sweetening agents, such as those set forth above, and 
flavoring agents may be added to provide a palatable oral 
preparation. These compositions may be preserved by the 55 
addition of an antioxidant such as ascorbic acid. 

Dispersible powders and granules of the invention suit- 
able for preparation of an aqueous suspension by the addi- 
tion of water provide the active ingredient in admixture with 
a dispersing or wetting agent, a suspending agent, and one 60 
or more preservatives. Suitable dispersing or wetting agents 
and suspending agents are exemplified by those disclosed 
above. Additional excipients, for example sweetening, fla- 
voring and coloring agents, may also be present. 

The pharmaceutical compositions of the invention may 65 
also be in the form of oil-in-water emulsions. The oily phase 
may be a vegetable oil, such as olive oil or arachis oil, a 
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mineral oil, such as liquid paraffin, or a mixture of these. 
Suitable emulsifying agents include naturally-occurring 
gums, such as gum acacia and gum tragacanth, naturally 
occurring phosphatides, such as soybean lecithin, esters or 
partial esters derived from fatty acids and hexitol anhy- 
drides, such as sorbitan monooleate, and condensation prod- 
ucts of these partial esters with ethylene oxide, such as 
polyoxyethylene sorbitan monooleate. The emulsion may 
also contain sweetening and flavoring agents. 

Syrups and elixirs may be formulated with sweetening 
agents, such as glycerol, sorbitol or sucrose. Such formula- 
tions may also contain a demulcent, a preservative, a fla- 
voring or a coloring agent. 

The pharmaceutical compositions of the present invention 
may be in the form of a sterile injectable preparation, such 
as a sterile injectable aqueous or oleaginous suspension. 
This suspension may be formulated according to known art 
using those suitable dispersing or wetting agents and sus- 
pending agents which have been mentioned above. The 
sterile injectable preparation may also be a sterile injectable 
solution or suspension in a non-toxic parenterally acceptable 
diluent or solvent, such as a solution in 1,3-butane-diol or 
prepared as a lyophilized powder. Among the acceptable 
vehicles and solvents that may be employed are water, 
Ringer* s solution and isotonic sodium chloride solution. In 
addition, sterile fixed oils may conventionally be employed 
as a solvent or suspending medium. For this purpose any 
bland fixed oil may be employed including synthetic mono- 
or diglycerides. In addition, fatty acids such as oleic acid 
may likewise be used in the preparation of injectables. 

As noted above, formulations of the present invention 
suitable for oral administration may be presented as discrete 
units such as capsules, cachets or tablets each containing a 
predetermined amount of the active ingredient; as a powder 
or granules; as a solution or a suspension in an aqueous or 
non-aqueous liquid; or as an oil-in-water liquid emulsion or 
a water-in-oil liquid emulsion. The active ingredient may 
also be administered as a bolus, electuary or paste. 

A tablet may be made by compression or molding, option- 
ally with one or more accessory ingredients. Compressed 
tablets may be prepared by compressing in a suitable 
machine the active ingredient in a free flowing form such as 
a powder or granules, optionally mixed with a binder (e.g., 
povidone, gelatin, hydroxypropylmethyl cellulose), lubri- 
cant, inert diluent, preservative, disintegrant (e.g., sodium 
starch glycolate, cross-linked povidone, cross-linked sodium 
carboxymethyl cellulose) surface active or dispersing agent. 
Molded tablets may be made by molding in a suitable 
machine a mixture of the powdered compound moistened 
with an inert liquid diluent. The tablets may optionally be 
coated or scored and may be formulated so as to provide 
slow or controlled release of the active ingredient therein 
using, for example, hydroxypropyl methylcellulose in vary- 
ing proportions to provide the desired release profile. Tablets 
may optionally be provided with an enteric coating, to 
provide release in parts of the gut other than the stomach. 

Formulations suitable for topical administration in the 
mouth include lozenges comprising the active ingredient in 
a flavored base, usually sucrose and acacia or tragacanth; 
pastilles comprising the active ingredient in an inert base 
such as gelatin and glycerin, or sucrose and acacia; and 
mouthwashes comprising the active ingredient in a suitable 
liquid carrier. 

Formulations for rectal administration may be presented 
as a suppository with a suitable base comprising for example 
cocoa butter or a salicylate. 
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Formulations suitable for vaginal administration may be 
presented as pessaries, tampons, creams, gels, pastes, foams 
or spray formulations containing in addition to the active 
ingredient such carriers as are known in the art to be 
appropriate. 

Formulations suitable for parenteral administration 
include aqueous and non-aqueous isotonic sterile injection 
solutions which may contain antioxidants, buffers, bacteri- 
ostats and solutes which render the formulation isotonic with 
the blood of the intended recipient; and aqueous and non- 
aqueous sterile suspensions which may include suspending 
agents and thickening agents. The formulations may be 
presented in unit-dose or multi-dose sealed containers, for 
example, ampoules and vials, and may be stored in a 
freeze-dried (lyophilized) condition requiring only the addi- 
tion of the sterile liquid carrier, for example water for 
injections, immediately prior to use. Injection solutions and 
suspensions may be prepared from sterile powders, granules 
and tablets of the kind previously described 

While the dose for a particular patient will vary depending 
on a variety of factors including the activity of the specific 
compound or composition employed, the condition of the 
disease, the age, body weight, general health, sex and diet of 
the patient (e.g., warm blooded animals including humans), 
the time and route of administration, administration meth- 
ods, the rate of excretion, other drugs which have been 
previously administered to the patient, the severity of the 
disease, etc. For example, in the case of oral administration, 
it is desirable to administer an active ingredient in an amount 
of from 0.01 mg/kg of body weight (preferably 0. 1 mg/kg of 
body weight) to 1000 mg/kg of body weight (preferably 100 
mg/kg of body weight) and in the case of intravenous 
administration, it is desirable to administer an active ingre- 
dient in an amount of from 0.001 mg/kg of body weight 
(preferably 0.01 mg/kg of body weight) to 100 mg/kg of 
body weight (preferably 10 mg/kg of body weight), as a 
single dose a day or in divided dose at several times for a day 
respectively. 

EXAMPLES 
Example 1 

3 , ,5'-di-0-Benzyl-2 t -0,4 , -C-ethylene-4-N-benzoylcy- 
tidine 

(Exemplification Compound Number 2-34) 

An aqueous 2N sodium hydroxide solution (68 ml) was 
added to a solution of the compound obtained in Reference 
example 11 (6.80 g, 8.86 mmol) in pyridine (136 ml) at 0° 
C. and the mixture was stirred at room temperature for 1 
hour. The reaction mixture was neutralized by dropwise 
addition of aqueous 20% acetic acid and extracted with 
chloroform. The chloroform layer was washed with satu- 
rated aqueous sodium chloride solution and concentrated in 
vacuo. The residue was purified by chromatography on a 
silica gel column (using dichloro methane: methanol= 1 00: 3 
as the eluant) to afford the title compound (3.33 g, 6.02 
mmol, 68%). 

l H-NMR (400 MHz, CDClj): 8.64 (2H, brs), 7.89 (2H, d, 
7.6 Hz), 7.64-7.60 (1H, m) 7.54-7.51 (2H, m), 7.48-7.37 
(3H, m), 7.36-7.26 (8H, m), 6.18 (1H, s), 4.70 (1H, d, 11 
Hz), 4.60 (1H, d, 11 Hz), 4.55 (1H, d, 11 Hz), 4.46 (1H, d, 
2.9 Hz), 4.42 (1H, d, 11 Hz), 4.10-4.02 (2H, m), 3.89 (1H, 
d, 2.9 Hz), 3.75 (1H, d, 11 Hz), 3.62 (1H, d, 11 Hz), 
2.34-2.26 (1H, m), 1.39-1.36 (1H, m). 

FAB-MAS(mNBA):554(M+H) + 
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Example 2 
2'-0,4 , -C-ethylene-4-N-benzoylcytidine 

(Exemplification Compound Number 2-225) 

A solution (31.7 ml) of 1.0 M trichloroborane in dichlo- 
ro methane was added dropwise to a solution of the com- 
pound obtained in Example 1 (2.06 g, 3.72 mmol) in 

io anhydrous methylenechloride (317 ml) at -78° C. and the 
mixture was stirred at -78° C. for 1 hour. The reaction 
mixture was slowly warmed to -20° C. and the reaction 
vessel was placed into an ice-sodium chloride bath and the 
mixture was stirred at between -20° C. and -10° C. for 2 

15 hours. Methanol (12 ml) was slowly added to the mixture 
and the mixture was stirred for 10 minutes. The pH of the 
reaction mixture was adjust to 7-8 by dropwise addition of 
saturated aqueous sodium hydrogencarbonate solution. The 

2Q mixture was warmed to room temperature and concentrated 
in vacuo. The residue was purified by chromatography on a 
silica gel column (using dichloromethane:methanol=100:5 
as the eluant) to afford the title compound (1.21 g, 3.24 
mmol, 87%) as a white solid. 

25 'H-NMR (500 MHz, DMSO-d a ): 11.23 (1H, brs), 8.70 
(1H, d, 7.2 Hz), 8.00 (2H, d, 7.5 Hz), 7.3-6 (4H, m), 5.97 
(1H, s), 5.35 (1H, dd, 5 and 10 Hz), 4.10 (1H, dd, 5 and 10 
Hz), 4.03 (1H, d, 3.2 Hz), 3.95-3.85 (2H, m) 3.83 (1H, d, 3.2 
Hz), 3.65-3.51 (2H, m), 2.06-1.98 (1H, m), 1.26 (1). 

30 FAB-MAS(mNBA):374(M+H) + 

Example 3 
2 f -0,4'-C-ethylene-cytidine 

35 

(Exemplification Compound Number 2-3) 

A solution of the compound obtained in Example 2 (0.1 
g, 0.268 mmol) in methanol saturated with ammonia (12 ml) 
40 was allowed to stand overnight. The mixture was concen- 
trated to dryness to afford the title compound (0.054 g, 75%) 
as a white solid. 

X H-NMR (500 MHz, DMSO-d^): 8.18 (1H, d, 7.4 Hz), 
7.10 (2H, br), 5,84 (1H, s), 5.69 (1H, d, 7.6 Hz), 5.27-5.24 
45 (2H, m), 3.86 (1H, d, 3.2Hz), 3.90-3,78 (2H, m), 3.76 (1H, 
d, 3.2 Hz), 3.56 (1H, dd, 5.5 and 12 Hz), 3.49 (1H, dd, 5.5 
and 12 Hz), 2.01-1.93 (1H, dt, 7.5 and 12 Hz), 1.22 (1H, dd, 
3.6 and 13 Hz). 

FAB-MAS(mNBA):270(M+H) + 

50 

Example 4 

S'-O-Dimethoxytrityl-^-O^'-C-ethylene^-N-ben- 
zoylcytidine 

(Exemplification Compound Number 2-39) 

A solution of the compound obtained in Example 2 (1.29 
g, 3.46 mmol) in anhydrous pyridine was azeotropically 

60 refluxed in order to remove water. The product was dis- 
solved in anhydrous pyridine (26 ml) under nitrogen atmo- 
sphere and 4,4 , -dimethoxytritylchIoride (1 .76 g, 5.1 8 mmol) 
was added to the solution and the mixture was stirred at 
room temperature overnight. A small amount of methanol 

65 was added to the reaction mixture and then the solvent was 
evaporated in vacuo. The residue was partitioned between 
water and chloroform and the organic layer was washed with 
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saturated aqueous sodium hydrogencarbonate solution and Hz), 4.14 (1H, a\ 7.0 Hz), 4.31 (1H, d, 3.0 Hz), 4.51 (1H, d, 
saturated aqueous sodium chloride solution and concen- 12 Hz), 4.54 (1H, d, 12 Hz), 4.58 (1H, d, 12 Hz), 4.75 (1H, 
trated in vacuo. The residue was purified by chromatography d, 12 Hz), 6.06 (1H, s), 7.3 (10H, m), 7.91 (1H, s 5 ), 8.42 (1H, 
on a silica gel column (using dichloromethane:metha- brs). 

nol=100:5 as the eluant) to afford the title compound (2.10 5 FAB-MAS(mNBA):465(M+H) + 
g, 3.11 mmol, 90%) as a colorless amorphous solid. 

'H-NMR (270 MHz, DMSO-d 6 ): 11.27 (1H, brs), 8.59 Example 7 

(1H, m), 6.92-8.01 (19H, m), 6.03 (1H, s), 5.56 (1H, m), 

4.17 (1H, m), 4.08 (1H, m), 3.86 (2H, m), 3.77 (6H, s), 3.24 2^0,4'-C-emylene-5-memyIuridine 
(2H, m), 1.98 (1H, m), 1.24 (1H, m). FAB-MAS(mNBA): 10 

676(M+H) (Exemplification Compound Number 2-2) 

Example 5 A solution of the compound obtained in Example 6 (195 

mg, 0.42 mmol) in methanol (10 ml) was stirred under 
S^O-Dimethoxytrityl-^-O^-C-ethylene^-N-ben- 15 hydrogen atmosphere at atmospheric pressure in the pres- 
zoylcytidine-3*-0-(2-cyanoethyl N,N-diisopropyl) ence of 160 m 8 of 20% Pd(OH) 2 on carbon as a hydroge- 

phosphoramidite nation catalyst for 5 hours. The reaction mixture was filtered 

in order to remove catalyst and the filtrate was concentrated 
in vacuo. The residue was purified by chromatography on a 
(Exemplification Compound Number 2-235) silica gel column (using dichloromethane:methanol=10: 1 as 

A solution of the compound obtained in Example 4 (6.53 20 me eluant) to afford a colorless powder (76 mg, 0.268 mmol, 
g, 9.66 mmol) in anhydrous pyridine was azeotropically 64%). 

refluxed in order to remove water. The product was dis- 'H-NMR (400 MHz, CD 3 OD): 1.33 (1H, dd, 3.8 and 13 

solved under nitrogen atmosphere in anhydrous dichlo- H z), 1.86 (3H, d, 0.9 Hz), 1.94 (1H, ddd, 7.5, 11.7 and 13 

romethane (142 ml). N,N-diisopropylamine (2.80 ml, 16.1 Hz), 3.68 (1H, d, 12 Hz), 3.75 (1H, d, 12 Hz), 3.9-4.0 (2H, 

mmol) was added to the solution and then 2-cyanoethyl m)) 4,05 (1H, d, 3.2 Hz), 4.09 (1H, d, 3.2 Hz), 6.00 (1H, s), 

N s N-diisopropylchlorophophoramidite (2.16 ml, 9.66 8.28 (1H, d, 1.1 Hz) 

mmol) was added dropwise in an ice bath. The mixture was FAB-MAS(mNBA)*285(M+H) + 

stirred at room temperature for 6 hours. The reaction mixture 

was washed with saturated aqueous sodium hydrogencar- Example 8 

bonate solution and saturated aqueous sodium chloride 30 

solution and concentrated in vacuo. The residue was purified 5 , -0-Dimethoxytrityl-2 , -0,4 , -C-ethylene-5-methylu- 
by chromatography on a silica gel column (using dichlo- ridine 
romethane :triethylamine=50: 1 -dichloromethane:ethyl 
acetate:triethylamine=60:30:l as the eluant) to afford the 

title compound (7.10 g, 8.11 mmol, 84%) as a pale white 35 (Exemplification Compound Number 2-27) 

compound. A solution of the compound obtained in Example 7 ( 1 .45 

l H-NMR(400MHz,CDCl 3 ): 1.1-1.2 (12H, m), 1.35 (1H, S> 510 a"* 01 ) m anhydrous pyridine was azeotropically 

m), 2.1 1 (1H, m), 2.3 (2H, m), 3.35-3.7 (6H, m), 3.8 (6H, m), refluxed in order to remove water. The product was dis- 

3.9-4.1 (2H, m), 4.33 (1H, m), 4.45 (1H, m), 6.23 (1H, s), solved in anhydrous pyridine (44 ml) under nitrogen atmo- 

6.9 (4H, m), 7.3-7.9 (15H, m), 8.7-8.8 (1H, m). 40 s P h ere and 4,4'-dimethoxytritylchloride (2.59 g, 7.65 mmol) 

was added to the solution and the mixture was stirred at 

Example 6 room temperature overnight. A small amount of methanol 

was added to the reaction mixture and then the solvent was 

3 , J 5 , -Di-0-benzyl-2'-0,4 , -C-ethylene-5-methyluri- evaporated in vacuo. The residue was partitioned between 

dine 45 water and chloroform and the organic layer was washed with 

saturated aqueous sodium hydrogencarbonate solution and 

,„ . _ . * T , ^ ^ saturated aqueous sodium chloride solution and concen- 

(Exemplification Compound I Number 2-22) ^ m vacu0 ^ was b chromatography 

An aqueous 2N sodium hydroxide solution (5 ml) and on a silica gel column (using dichloromethane:metha- 

mixture solution (5 ml), said mixture solution comprised of 50 n ol=100: 10 as the eluant) to afford the title compound (2.42 
pyridine:methanol:water=65:30:5, were added to the com- g> 4J3 mm6lt g 1%) as w]or]M solid 
pound obtained in Reference example 10 (418 mg 0.62 i H-NMR (2?0 ^ DMSO<) . U36 (1H s) 7 6g (1H 

mmol) in pyndme:methanohwater=65:30:5 (5 ml) at 0° C s) 6 90 . 7 M (]3H m) 5 89 (m s s) 5 55 ( V , H ^ 4M m 
and the mixture was stirred at room tem^rature for 15 m) 4 Q4 (ffl d) 3 g2 (2R % 3 ?4 (6H g) 3 9 ^ 

minutes The reaction nuxture was neutralized with IN 55 199 (1H m) 136 (1H m) U7 (3| } s) 
hydrochloric acid and extracted with ethyl acetate (about 30 p * w * o mM n 1 v <: o-r/iLr 

ml). The organic layer was washed with saturated aqueous 1 AH-MA2HinNtJA).3a /(M+hj 
sodium hydrogencarbonate solution (about 30 ml) and satu- p . Q 

rated aqueous sodium chloride solution (about 30 ml), dried xamp e 

over anhydrous magnesium sulfate and then concentrated in 60 <, ^ n-^u™,^ M ,Ai, P A i c *u 1 
vacuo. Tlie residue was purified by chromatography on a 5 ^ Du ?S 

silica gel column (using hexane:emyl aeetat£l?l as the ndine-3»-0-(2-cyanoethyl N,N-di,sopropyl)phos- 

eluant) to afford a coloriess amorphous solid (228 mg, 0.49 pnoramiaite 
mmol, 79%). 

'H-NMR (400 MHz, CDC1 3 ): 1.35 (1H, d, 13 Hz), 1.41 65 (Exemplification Compound Number 2-234) 
(3H, s), 2.28 (1H, dt, 9.4 and 13 Hz), 3.60 (1H, d, 11 Hz), A solution of the compound obtained in Example 8 (4.72 
3.76 (1H, d, 11 Hz), 3.94 (1H, d, 3.0 Hz), 4.10 (1H, d, 7.0 g, 8.05 mmol) in anhydrous pyridine was azeotropically 
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refluxed in order to remove water. The product was dis- 
solved under nitrogen atmosphere in anhydrous dichlo- 
romethane (142 ml). N,N-diisopropylamine (2.80 ml, 16.1 
mmol) was added to the solution and then 2-cyanoethyl 
N.N-diisopropylchlorophophoramidite (2.16 ml, 9,66 5 
mmol) was added dropwise in an ice bath. The mixture was 
stirred at room temperature for 6 hours. The reaction mixture 
was washed with saturated aqueous sodium hydrogencar- 
bonate solution and saturated aqueous sodium chloride 
solution and concentrated in vacuo. The residue was purified 10 
by chromatography on a silica gel column (using hexane: 
ethyl acetate:triethylamine=50:50:l-hexane:ethyl acetate: 
triemylamine=30:60:l as the eluant) to afford the title com- 
pound (5.64 g, 7.17 mmol, 89%) as a colorless amorphous 
solid. 15 

'H-NMR (400 MHz, CDC1 3 ): 1.1-1.2 (15H, m), 1.4 (1H, 
m), 2.08 (1H, m), 2.4 (2H, m), 3.2-4.0 (14H, m), 4.38 (2H, 
m), 4.47 (1 H, m), 6.06 (1 H, s), 6.8-6.9 (4H, m), 7.2-7.5 (9H, . 
m), 7.91 (1H, m). 

FAB-MAS(mNBA):787(M+H) + 20 

Example 10 



3 , ,5 , -Di-0-ben2yl-2*-0,4 , -C-ethylene-6-N-benzoy- 
ladenosine 



25 



30 



35 



(Exemplification Compound Number 1-23) 

An aqueous 2N sodium hydroxide solution (5 ml) and 
mixture solution (5 ml), said mixture solution comprised of 
pyridine:methanol:water=65:30:5, were added to compound 
obtained in Reference example 12 (238 mg, 0.30 mmol) in 
pyridine:methanol:water==65:30:5 (5 ml) at 0° C. and the 
mixture was stirred at room temperature for 15 minutes. The 
reaction mixture was neutralized with IN hydrochloric acid 
and extracted with ethyl acetate (about 30 ml). The organic 
layer was washed with saturated aqueous sodium hydrogen- 
carbonate solution (about 30 ml) and saturated aqueous 
sodium chloride solution (about 30 ml), dried over anhy- 
drous magnesium sulfate and then concentrated in vacuo. 
The residue was purified by chromatography on a silica gel 40 
column (using dichloromethane:methanol=50: 1 as the elu- 
ant) to afford a colorless amorphous solid (133 mg, 0.23 
mmol, 78%). 

l H-NMR (400 MHz, CDC1 3 ): 1.44 (1H, d, 13 Hz), 2.31 
(1H, dd, 13 and 19 Hz), 3.56 (1H, d, 11 Hz), 3.70 (1H, d, 11 
Hz), 4.10 (2H, m), 4.24 (1H, s), 4.45 (11 H, d, 12 Hz), 
4.53-4.67 (4H, m), 6.52 (1H, s), 7.3 (10H, m), 7.53 (2H, m), 
7.62 (1H, m), 8.03 (2H, d, 7.6 Hz), 8.66 (1H, s), 8.78 (1H, 
s) 5 9.00 (1H, brs). 

FAB-MAS(mNBA):578(M+H) + 

Example 11 



45 



50 



2'-0,4 , -C-Ethylene-6-N-benzoyladenosine 



55 



(Exemplification Compound Number 1 -178) 

A 1M boron trichloride solution (1.5 ml, 1.5 mmol) in 
dichloromethane was slowly added dropwise to a solution of 
the compound obtained in Example 10(116 mg, 0.20 mmol) 60 
in anhydrous methylenechloride (5 ml) at -78° C. and the 
mixture was stirred at -78° C. for 3 hours. To the reaction 
mixture was added a 1M boron trichloride solution (1 .5 ml, 
1 .5 mmol) in dichloromethane and the mixture was stirred 
for 2 hours. The mixture was slowly warmed to room 65 
temperature and then quickly cooled to -78° C. and then 
methanol (5 ml) was added to the mixture. The reaction 



mixture was slowly wanned to room temperature and con- 
centrated in vacuo. The residue was purified by chromatog- 
raphy on a silica gel column (using dichloromethaneimetha- 
nol=9:l as the eluant) to afford a white powder (49 mg, 0.17 
mmol, 84%). 

l H-NMR (400 MHz, CD 3 OD): 1.45 (1H, dd, 4.3 and 13 
Hz), 2.12 (1H, m), 3.72 (1H, d, 12 Hz), 3.79 (1H, d, 12 Hz), 
4.04 (1H, dd, 7.3 and 12 Hz), 4.15 (1H, dt, 4.3 and 9.4 Hz), 
4.36 (1H, d, 3.2 Hz), 4.43 (1H, d, 3.2 Hz), 6.57 (1H, s), 7.57 
(2H, m), 7.66 (1H, m), 8.09 (2H, d, 8.0 Hz), 8.72 (1H, s), 
8.85 (1H, s). 

FAB-MAS(mNBA):398(M+H) + 
Example 12 
2 , -0,4 , -C-Ethyleneadenosine 

(Exemplification Compound Number 1-7) 

A solution of the compound obtained in Example 11 (14 
mg, 0.035 mmol) in methanol saturated with ammonia (1 
ml) was allowed to stand overnight. The mixture was 
concentrated and the residue was purified by chromatogra- 
phy on a silica gel column (using dichloromethane:metha- 
nol=10:l as the eluant) to afford a white powder (10 mg, 
0.034 mmol, 98%). 

'H-NMR (400 MHz, CD 3 OD): 1.32 (1H, dd, 4 and 13 
Hz), 2.04 (1H, dt, 7.4 and 12 Hz), 3.53 (1H, dd, 5 and 12 
Hz), 3.61 (1H, dd, 5.2 and 12 Hz), 3.90 (1H, dd, 7.4 and 12 
Hz), 3.97 (1H, dt, 4 and 12 Hz), 4.15 (1H, d, 3.1 Hz), 4.21 
(1H, d, 3.1 Hz), 5.27 (1H, t, 5.2 Hz), 5.39 (1H, d, 3.1 Hz), 
6.33 (1H, s), 7.29 (2H, s), 7.66 (1H, m), 8.14 (1H, s), 8.42 
(1H, s), 

FAB-MAS(mNBA):294(M+H) + 

UV()anax): 260 (pH7), 260 (pHl), 258 (pH13) 

Example 13 

S^O-Dimethoxytrityl-^-O^^C-ethylene-e-N-ben- 
zoyladenosine 

(Exemplification Compound Number 1-31) 

A solution of the compound obtained in Example 11 (14 
mg, 0.035 mmol) in anhydrous pyridine was azeotropically 
refluxed in order to remove water. The product was dis- 
solved in anhydrous pyridine (1 ml) under nitrogen atmo- 
sphere and 4,4 , -dimethoxytritylchloride (18 mg, 0.053 
mmol) was added to the solution and the mixture was stirred 
at 40° C. for 5 hours. A small amount of methanol was added 
to the reaction mixture and then the solvent was evaporated 
in vacuo. The residue was partitioned between water and 
chloroform and the organic layer was washed with saturated 
aqueous sodium hydrogencarbonate solution and saturated 
aqueous sodium chloride solution and concentrated in 
vacuo. The residue was purified by chromatography on a 
silica gel column (using dichloromethane:methanol=100:5 
as the eluant) to afford the title compound (1 8 mg, 0.026 
mmol, 73%) as a colorless amorphous solid. 

l H-NMR (400 MHz, CDC1 3 ): 1.63 (1H, m), 2.14 (1H, 7.5, 
12, and 13 Hz), 3.37 (1H, d, 11 Hz), 3.41 (1H, d, 11 Hz), 
3.79 (6H, s), 4.10 (2H, m), 4.48 (1H, d, 3.3 Hz), 4.59 (1H, 
d, 3.3 Hz), 6.54 (1 H, s), 6.85 (4H, m), 7.2-7.6 (1 2H, m), 8.02 
(2H, m), 8.45 (1H, s), 8.82 (1H, s), 9.02 (1H, brs). FAB- 
MAS(mNBA):700(M+H) + 
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Example 14 

S'-O-Dimethoxytrityl-^-O^'-C-ethylene-e-N-ben- 
zoyladenosine-3'-0-(2-cyanoethyl N,N-diisopropyl) 
phosphoramidite 

(Exemplification Compound Number 1-186) 

A solution of the compound obtained in Example 13 (16 
mg, 0.023 mmol) in anhydrous pyridine was azeotropically 
refluxed in order to remove water. The product was dis- 
solved under nitrogen atmosphere in anhydrous dichlo- 
romethane (0,5 ml). Tetrazole N,N-diisopropylamine salt 
(10 mg) was added to the solution and then 2-cyanoethyl 
N,N,N\W-tetraisopropylphophoramidite (about 20 ul) was 
added dropwise in an ice bath. The mixture was stirred at 
room temperature overnight. The reaction mixture was 
washed with saturated aqueous sodium hydrogencarbonate 
solution and saturated aqueous sodium chloride solution and 
concentrated in vacuo. The residue was purified by chroma- 
tography on a silica gel column (using dichloromethane: 
ethyl acetate=2: 1 as the eluant) to afford the title compound 
(20 mg, 0.022 mmol, 97%) as a white solid. 

1 H->fMR(400MHz,CDCl 3 ): 1.0-1.2 (12H, m), 1.54 (1H, 
m), 2.15 (1H, m), 2.33 (2H, m), 3.3-3.6 (6H, m), 3.80 (6H, 
s), 4.08 (2H, m), 4.65 (1H, m), 4.75 (1H, m), 6.53 (1H, s), 
6.84 (4H, m), 7,2-7.6 (12H, m), 8.01 (2H, m), 8.53 (1H, s), 
8.83 (1H, s), 9.01 (1H, brs). 
FAB-MAS(mNBA):900(M+H) + 

Example 15 

S'^'-Di-O-benzyl-r-O^'-C-ethyleneuridine 

(Exemplification Compound Number 2-10) 

An aqueous IN sodium hydroxide solution (2 ml) was 
added to a solution of the compound obtained in Reference 
example 13 (194 mg, 0.292 mmol) in pyridine (3 ml) at 0° 
C. and the mixture was stirred at room temperature for 30 
minutes. The reaction mixture was neutralized with IN 
hydrochloric acid and extracted with ethyl acetate (10 ml). 
The organic layer was washed with saturated aqueous 
sodium hydrogencarbonate solution and saturated aqueous 
sodium chloride solution, dried over anhydrous magnesium 
sulfate and then concentrated in vacuo. The residue was 
purified by chromatography on a silica gel column (using 
mchloromethane:methanol= 100:3 as the eluant) to afford an 
colorless oil (105 mg, 0.233 mmol, 80%). 

hu 1H-NMR (400 MHz, CDCI 3 ): 1.36 (1H, m), 2.29 (1H, 
m), 3.63 (1H, d, 11 Hz), 3.74 (1H, d, 11 Hz), 3.87 (1H, d, 
2.9 Hz), 4.03 (2H, m), 4.29 (1H, d, 2.9 Hz), 4.49 (1H, d, 12 
Hz), 4.50 (1H, d, 11 Hz), 4.53 (1H, d, 11 Hz), 4.73 (1H, d,12 
Hz), 5.20 (1H, dd, 2 and 8 Hz), 6.04 (1H, s), 7.2-7.4 (10H, 
m), 8.13 (1H, d, 8.2 Hz), 8.57 (1H, brs). 

FAB-MAS(mNBA):45 1 (M+H) + 

Example 16 
2 , -0 J 4'-C-Ethyleneuridine 

(Exemplification Compound Number 2-1) 

A solution of the compound obtained in Example 1 5 ( 1 00 
mg, 0.222 mmol) in methanol (4 ml) was stirred under 
hydrogen atmosphere at atmospheric pressure in the pres- 
ence of 90 mg of 20% Pd(OH) 2 on carbon as a hydrogena- 
tion catalyst for 5 hours. The reaction mixture was filtered in 
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order to remove catalyst and the filtrate was concentrated in 
vacuo. The residue was purified by chromatography on a 
silica gel column (using dichloromethane:methanol=10:l as 
the eluant) to afford a colorless oil (45 mg, 0.167 mmol, 
5 75%). 

'H-NMR (400 MHz, CD 3 OD): 1.35 (1H, dd, 4 and 13 
Hz), 2.13 (1H, ddd, 7, 11 and 13 Hz), 3.66 (1H, d, 12 Hz), 
3.73 (1H, d, 12 Hz), 3.91-4.08 (2H, m),4.01 (1H, d, 3.2 Hz), 
4.12 (1H, d, 3.2 Hz), 5.66 (1H, d, 8.2 Hz), 6.00 (1H, s), 8.37 
10 (1H, d, 8.2 Hz). 

FAB-MAS(mNBA):271(M+H)+ 

Example 17 

15 S'-O-Dimemoxytrityl^'-O^'-C-ethyleneuridine 

(Exemplification Compound Number 2-15) 

A solution of the compound obtained in Example 16 (28 
mg, 0.104 mmol) in anhydrous pyridine was azeotropically 

20 refluxed in order to remove water. The product was dis- 
solved in anhydrous pyridine (3 ml) under nitrogen atmo- 
sphere and 4,4 , -dimethoxytritylchloride (50 mg, 0.15 mmol) 
was added to the solution and the mixture was stirred, at 
room temperature overnight. A small amount of methanol 

25 was added to the reaction mixture and then the solvent was 
evaporated in vacuo. The residue was partitioned between 
water and chloroform and the organic layer was washed with 
saturated aqueous sodium hydrogencarbonate solution and 
saturated aqueous sodium chloride solution and concen- 

30 trated in vacuo. The residue was purified by chromatography 
on a silica gel column (using dichloromethanermetha- 
nol= 100:3 as the eluant) to afford the title compound (25 mg, 
0.044 mmol, 42%) as a colorless oil. 

l H-NMR (400 MHz, CD 3 OD): 1.35 (1H, dd, 3 and 14 

35 Hz), 2.03 (1H, ddd, 8, 11 and 14 Hz), 2.46 (1H, d, 8 Hz), 
3.36 (1H, d, 11 Hz), 3.41 (1H, d, 11 Hz), 3.80(3H, s), 3.81 
(3H, s), 3,97 (2H, m), 4.21 (1), 4.33 (1H, brm), 5.31 (1H, m), 
6.10 (1H, s), 6.86 (4H, m), 7.2-7.5 (9H, m), 8.27 (1H, d, 8.2 
Hz), 8.43 (1H, brs). 

40 FAB-MAS (mNBA): 573 (M+H) + 

Example 18 

5'-0-Dimemoxytrityl-2 , -0,4 , -C-ethyleneuridine-3 t - 
45 0-(2-cyanoethyl N,N-diisopropyl)phosphoramidite 

(Exemplification Compound Number 2-233) 
A solution of the compound obtained in Example 17 (6 

50 mg, 0.01 05 mmol) in anhydrous pyridine was azeotropically 
refluxed in order to remove water. The product was dis- 
solved under nitrogen atmosphere in anhydrous dichlo- 
romethane (0.5 ml). Tetrazole N,N-diisopropylamine salt (3 
mg) was added to the solution and then 2-cyanoethyl N,N, 

55 N , ,N , -tetraisopropylphophoramidite (about 5 ul) was added 
dropwise in an ice bath. The mixture was stirred at room 
temperature overnight. The reaction mixture was washed 
with saturated aqueous sodium hydrogencarbonate solution 
and saturated aqueous sodium chloride solution and con- 

60 centrated in vacuo. The residue was purified by chromatog- 
raphy on a silica gel column (using dichloromethane:ethyl 
acetate=2:l as the eluant) to afford the title compound (8 
mg) as a white solid. 

'H-NMR (400 MHz, CDC1 3 ): 1 .1 -1 .2 (13H, m), 2.09 (1H, 

65 m), 2.4 (2H, m), 3.3 (6H, m), 3.81 (6H, m), 3.94 (2H, m), 
4.35 (1H, m), 4.47 (1H, m), 5.18 (1H, d, 8.2 Hz), 6.08 (1H, 
s), 6.86 (4H, m), 7.2-7.4 (9H, m), 8.31 (1H, d, 8.2 Hz). 
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FAB-MAS (mNBA): 773 (M+H) + 
Example 19 

3 , ,5 , -Di-0-benzyl-2 , -0 ) 4 , -C-ethylene-4-N-benzoyl-5- 
methylcytidine 

(Exemplification Compound Number 2-46) 

An aqueous IN sodium hydroxide solution (5 ml) was 
added to a solution of the compound obtained in Reference 
example 14 (310 mg, 0.396 mmol) in pyridine (5 ml) at 0° 
C. and the mixture was stirred at room temperature for 20 
minutes. The reaction mixture was neutralized by dropwise 
addition of aqueous 20% acetic acid and extracted with 
dichloromethane. The dichloromethane layer was washed 
with saturated aqueous sodium chloride solution and con- 
centrated in vacuo. The residue was purified by chromatog- 
raphy on a silica gel column (using di chloromethane : metha - 
nol=100:2 as the eluant) to afford the title compound (190 
mg, 0.334 mmol, 84%). 

'H-NMR (400 MHz, CDC1 3 ): 1.37 (1H, m), 1.58 (3H, s), 
2.30 (1H, dt, 10 and 13 Hz), 3.64 (1H, d, 11 Hz), 3.79 (1H, 
d, 1 1 Hz), 3.95 (1H, d, 3.0 Hz), 4.04 (2H, dd, 2.3 and 10 Hz), 
4.37 (1H, d, 3.0 Hz), 4.50 (1H, d, 12 Hz), 4.56 (1H, d, 11 
Hz), 4.61 (1H, d, 11 Hz), 4.76 (1H, d, 12 Hz), 6.11 (1H, s), 
7.2-7.5 (13H, m), 8.09 (1H, s), 8.29 (2H, m). 

FAB-MAS (mNBA): 568 (M+H) + 

Example 20 

2' -CM'-C-Ethylene^ -N-benzoyl-5-methylcytidine 

(Exemplification Compound Number 2-226) 

A 1M boron trichloride solution (1.6 ml) in dichlo- 
romethane was added dropwise to a solution of the com- 
pound obtained in Example 19 (120 mg, 0.211 mmol) in 
anhydrous dichloromethane (5 ml) at -78° C. and the 
mixture was stirred at -78° C. for 4 hours. Methanol (1 ml) 
was slowly added dropwise to the mixture and the mixture 
was stirred for 10 minutes. The pH of the reaction mixture 
was adjusted to 7-8 by dropwise addition of saturated 
aqueous sodium hydrogencarbonate solution. The reaction 
mixture was warmed to room temperature and concentrated 
in vacuo. The residue was purified by chromatography on a 
silica gel column (using dichloromethane: methanol^ 100:6 
as the eluant) to afford the title compound (29 mg, 0.075 
mmol, 36%) as a white solid. 

'H-NMR (400 MHz, d-DMSO): 1.24 (1H, m), 2.01 (3H, 
s), 2.0 (1H, m), 3.54 (1H, dd, 5.4 and 12 Hz), 3.64 (1H, dd, 
5.4 and 12 Hz), 3.88 (3H, m), 4.10 (1H, m), 5.36 (1H, d, 5.4 
Hz), 5.49 (1H, t, 5.0 Hz), 5.95 (1H, s), 7.4-7.6 (3H, m), 8.21 
(2H, m), 8.49 (1H, s), 13.17 (1H, brs). 
FAB-MAS (mNBA): 388 (M+H) + 

Example 21 

S'-O-Dimethoxytrityl-^-O^'-C-ethylene^-N-ben- 
zoyl-5-methylcytidine 

(Exemplification Compound Number 2-51) 

A solution of the compound obtained in Example 20 (44 
mg, 0.114 mmol) in anhydrous pyridine was a zeo tropically 
refluxed in order to remove water. The product was dis- 
solved in anhydrous pyridine (1 ml) under nitrogen atmo- 
sphere and 4,4 , -dimethoxytritylchloride (60 mg, 0.177 
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mmol) was added to the solution and the mixture was stirred 
at room temperature overnight. A small amount of methanol 
was added to the reaction mixture and then the solvent was 
evaporated in vacuo. The residue was partitioned between 
water and chloroform. The organic layer was washed with 
saturated aqueous sodium hydrogencarbonate solution and 
saturated aqueous sodium chloride solution and concen- 
trated in vacuo. The residue was purified by chromatography 
on a silica gel column (using dichloromethanermetha- 
noI= 100:4 as the eluant) to afford the title compound (73 mg, 
0.106 mmol, 93%) as a colorless oil. 

'H-NMR (400 MHz, CDC1 3 ): 1.46 (1H, m), 1.49 (3H, s), 
2.06 (1H, m), 2.59 (1H, d, 8.6 Hz), 3.36 (1H, d, 11 Hz), 3.39 
15 (lH,d, 11 Hz), 3.80 (3H,s), 3.81 (3H, s), 3.99 (2H, m), 4.30 
(1H, d, 3.3 Hz), 4.39 (1H, m), 6.12 (1H, s), 6.85 (4H, m), 
7.2-7.5 (12H, m), 8.03 (1H, s), 8.28 (2H, m). 
FAB-MAS (mNBA): 573 (M+H)+ 

20 Example 22 

^-O-Dimethoxytrityl-Z-O^'-C-ethylene^-N-ben- 
zoyl-5-methylcytidine-3'-0-(2-cya noethyl N,N- 
25 diisopropyl)phosphoramidite 

(Exemplification Compound Number 2-236) 

A solution of the compound obtained in Example 21 (35 
mg, 0.0507 mmol) in anhydrous pyridine was azeotropically 

30 refluxed in order to remove water. The product was dis- 
solved under nitrogen atmosphere in anhydrous dichlo- 
romethane (1 ml). Tetrazole N,N-diisopropylamine salt (17 
mg) was added to the solution and then 2-cyanoethyl N,N, 
N , ,N , -tetraisopropylphophoramidite (32 ul, 0.1 mmol) was 

35 added dropwise in an ice bath. The mixture was stirred at 
room temperature overnight. The reaction mixture was 
washed with saturated aqueous sodium hydrogencarbonate 
solution and saturated aqueous sodium chloride solution and 
concentrated in vacuo. The residue was purified by chroma* 

40 tography on a silica gel column (using dichloromethane: 
ethyl acetate=2:l as the eluant) to afford the title compound 
(40 mg, 0.0445 mmol, 89%) as a white solid. 

'H-NMR (400 MHz, CDC1 3 ): 1.1-1.2 (12H, m), 1.36 (3H, 
s), 1.37 (1H, m), 2.10 (1H, m), 2.36 (2H, m), 3.3-3.6 (6H, 

45 m), 3.81 (6H, m), 3.98 (2H, m), 4.42 (1H, m), 4.49 (1H, m), 
6.11 (1H, s), 6.88 (4H, m), 7.2-7.5 (12H, m), 8.14 (1H, s), 
8.28 (2H, m). 
FAB-MAS (mNBA): 890 (M+H)30 

50 

Example 23 
^-O^'-C-Ethylene-S-methylcytidine 

55 (Exemplification Compound Number 2-226) 

A solution of the compound obtained in Example 20 (1 1 .6 
mg, 0.030 mmol) in methanol saturated with ammonia (2 
ml) was allowed to stand overnight. The mixture was 
concentrated to afford a white solid (8.5 mg, 0.030 mmol). 

60 1 H-NMR (400 MHz, d-DMSO): 1.20 (1H, m), 1.82 (3H, 
s), 1.97 (1H, m), 3.49 (1H, dd, 5 and 12 Hz), 3.58 (1H, dd, 
5 and 12 Hz), 3.85 (2H, m), 5.23 (1H, d, 5 Hz), 5.32 (1H, 
t, 5 Hz), 5.84 (1H, s), 6.7 (1H, brs), 7.2 (1H, brs), 8.08 (1H, 

65 S >- 

FAB-MAS (mNBA): 284 (M+H) + 
UV(Xmax): 279(pH7), 289(pHl), 279 (pH13) 



1 
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Example 24 



68 



Example 25 
2'-0,4'-C-Ethylene-2-N-isobutyrylguanosine 



10 



S'^'-Di-O-benzyl^'-O^'-C^thylene^-N-isobu- 
tyrylguanosine 

(Exemplification Compound Number 1-24) 

An aqueous IN sodium hydroxide solution (2 ml) was 
added to a solution of the compound obtained in Reference 
example 15 (about 200 mg) in pyridine (2 ml) and the 
mixture was stirred at room temperature for 15 minutes. The 
reaction mixture was neutralized with IN hydrochloric acid 
and extracted with ethyl acetate. The organic layer was 
washed with saturated aqueous sodium hydrogencarbonate 
solution and saturated aqueous sodium chloride solution, 
dried over anhydrous magnesium sulfate and then concen- 
trated in vacuo. The residue was purified by chromatography 
on a silica gel column (using dichJoromethane:metha- 
nol=50: 1 as the eluant) to afford a colorless amorphous solid 
(20 mg, 0.036 mmol, 6%, 2 steps). 

'H-NMR (400 MHz, CDC1 3 ): 1.27 (3H, s), 1.29 (3H, s), 20 
1,43 (1H, dd, 3 and 13 Hz), 2.28 (1H, m), 2.59 (1H, qui, 6.9 
Hz), 3.54 (1H, d, 11 Hz), 3.68 (1H, d, 11 Hz), 4.03 (2H, m), 
4.15 (1H, d, 3.0 Hz), 4.31 (1H, d, 3.0 Hz), 4.45 (1H, d, 12), 
4.56 (1H, d, 12 Hz), 4.61 (1H, d, 12 Hz), 4.63 (1H, d, 12 Hz), 
6.18 (1H, s), 7.2-7.4 (10H, m), 8.19 (1H, s), 11.93 (1H, brs). 

FAB-MAS (mNBA): 560 (M+H)+ 



Example 26 

5'-0-Dimemoxytrityl-2 , -0,4 t <:-ethylene-2-N-isobu- 
tyrylguanosine 

(Exemplification Compound Number 1-35) 

A solution of the compound obtained in Example 25 (5 
mg, 0.013 mmol) in anhydrous pyridine was a zeo tropically 
refluxed in order to remove water. The product was dis- 
solved in anhydrous pyridine (1 ml) under nitrogen atmo- 
sphere and to 4,4 , -dimethoxytritylchloride (14 mg, 0.04 
mmol) was added to the solution and the mixture was stirred 
at 40° C. for 3 hours. A small amount of methanol was added 
to the reaction mixture and then the solvent was evaporated 
in vacuo. The residue was purified by chromatography on a 
silica gel column (using dichloromethane:methanol=100:6 



15 



30 



(Exemplification Compound Number 1-177) 

A solution of the compound obtained in Example 24 (10 
mg, 0.018 mmol) in methanol (2 ml) was stirred under 35 
hydrogen atmosphere at atmospheric pressure in the pres- 
ence of 20 mg of 20% Pd(OH) 2 on carbon as a hydrogena- 
tion catalyst for 5 hours. The reaction mixture was filtered in 
order to remove catalyst and the filtrate was concentrated in 
vacuo. The residue was purified by chromatography on a 40 
silica gel column (using. &chloromethane:methanol=10:2 as 
the eluant) to afford a colorless oil (5 mg, 0.013 mmol, 
72%). 

'H-NMR (400 MHz, CD 3 OD): 1.21 (3H, s), 1.22 (3H, s), 
1.41 (1H, dd, 4 and 13 Hz), 2.18 (1H, m), 2.69 (1H, qui, 6.9 45 
Hz), 3.69 (1H, d, 12 Hz), 3.76 (1H, d, 12 Hz), 4.0 (2H, m), 
4.26 (1H, d, 3.2 Hz), 4.30 (1H, d, 3.2 Hz), 6.30 (1H, s), 8.40 
(1H, s). 

FAB-MAS (mNBA): 380 (M+H) + 



50 



as the eluant) to afford the title compound (4 mg, 0.0059 
mmol, 45%) as colorless solid. 

l H-NMR (400 MHz, CDC1 3 ): 1.26 (3H, d, 1.4 Hz), 1.28 
(3H, d, 1.4 Hz), 1.66 (1H, m), 2.15 (1H, m), 2.59 (1H, qui, 
6.9 Hz), 3.65 (1H, m), 3.78 (1H, m), 4.06 (2H, m), 4.35 (1H, 
m), 4.38 (1H, d, 3.2 Hz), 6.23 (1H, s), 6.8 (4H, m), 
7.2-7.5(9H, m), 8.01 (1H, s), 8.19 (1H, brs), 

FAB-MAS (mNBA): 682 (M+H) + 

Example 27 

5 , -0-Dimethoxytrityl-2 , -0,4 f -C-ethylene-2-N-isobu- 
tyrylguanosine-3 , -0-(2-cyanoethyl N,N-diisopropyl) 
phosphoramidite 

(Exemplification Compound Number 1-185) 

A solution of the compound obtained in Example 26 (4 
mg, 0.0058 mmol) in anhydrous pyridine was azeotropically 
refluxed in order to remove water. The product was dis- 
solved under nitrogen atmosphere in anhydrous dichlo- 
romethane (0.5 ml). Tetrazole N,N-diisopropyIamine salt (5 
mg) was added to the solution and then 2-cyanoethyl N,N, 
N l ,N'-tetraisopropylphophoramidite (9 uJ, 0.03 mmol) was 
added dropwise in an ice bath. The mixture was stirred at 
room temperature for 1 hour. The reaction mixture was 
washed with saturated aqueous sodium hydrogencarbonate 
solution and saturated aqueous sodium chloride solution and 
concentrated in vacuo. The residue was purified by chroma- 
tography on a silica gel column (using dichloromethane: 
ethyl acetate=2:l as the eluant) to afford the title compound 
(4 mg) as a white solid. 

'H-NMR (400 MHz, CDC1 3 ): 1.1-1.4 (19H, m), 2.1 (1H, 
m), 2.4 (2H, m), 2.6 (1H, m), 3.3-3.6 (6H, m), 3.8 (6H, s), 
4.04.6 (4H, m), 6.2 (1H, s), 6.8 (4H, m), 7.2-7.5 (9H, m), 8.1 
(1H, s). 

Example 28 
2'-0,4*-C-Ethyleneguanosine 



(Exemplification Compound Number 1-5) 

A solution of the compound obtained in Example 25 (0.5 
mg) in methanol saturated with ammonia (0.5 ml) was 
allowed to stand at 60° C. for 5 hours. The mixture was 
concentrated to afford a white powder (0.4 mg). 

FAB-MAS (mNBA): 310 (M+H)+ UV (Xmax): 255 
(pH7), 256 (pHl), 258-266 (pH13) 

Example 29 
Synthesis of Oligonucleotide Derivative 



Synthesis of an oligonucleotide derivative was carried out 
using a mechanical nucleic acid synthesiser (AB1 mode 13 92 
DNA/RNA synthesiser: a product of Perkin- Elmer Corpo- 

55 ration) on a scale of 1 .0 umole. The solvents, reagents and 
concentrations of phosphoramidite in every synthetic cycle 
are the same as those in the synthesis of natural oligonucle- 
otides. Solvents, reagents and phosphoramidites of the natu- 
ral type nucleosides are products of PE Biosystems Corpo- 
ration. Every modified oligonucleotide derivative sequence 

60 was synthesized by repetition of condensation of the com- 
pound obtained in Example 9 or amidites containing the 4 
species of nucleic acid bases for nucleotide synthesis with 
the 5'-hydroxy group of thymidine produced by deprotection 
of the DMTr group of 5*-0-DMTr-thymidine (1.0 umole) 

65 using trichloroacetic acid, wherein the ^-hydroxy group of 
the thymidine was attached to a CGP carrier. The synthetic 
cycle is as follows: 
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1 ) detrity lation trichloroacetic acid/dichloromethane; 35 sec 

2) coupling phosphoramidite (about 20 eq), tetrazole/aceto- 
nitrile; 25 sec or 10 min 

3) capping 1 -methyl imidazole/tetrahydrofuran, acetic anhy- 
dride/pyridine/tetrahydrofiiran; 15 sec 

4) oxidation iodine/water/pyrioUne/tetrahydrofiiran; 15 sec 
In the above cycle 2) when the compound obtained in 

Example 9 was used the reaction time was 10 minutes and 
when phosphoramidites were used the reaction time was 25 
seconds. 

After synthesis of a desired oligonucleotide derivative 
sequence, the S'-DMTr group was removed and then the 
carrier containing the desired product was conventionally 
treated with concentrated aqueous ammonia solution in 
order to detach the oligomer from the carrier and to depro- 
tect the cyanoethyl group which is protecting the phosphate 
group. The amino protecting group in adenine, guanine and 
cytosine was removed from the oligomer. The oligonucle- 
otide derivative was purified by reverse-phase HPLC 
(HPLC: LC-VP: a product of Shimazu Corp.; column: 
Wakopak WS-DNA: a product of Wako Pure Chemical 
Industry Ltd.) to afford the desired oligonucleotide. 

According to this synthetic method the following oligo- 
nucleotide sequence (which oligonucleotide is hereinafter 
referred to as "oligonucleotide 1") was obtained (0.23 umol, 
yield 23%). 

S'-gcgttttttgct-y (exemplification of SEQ ID NO: 2 in the 
SEQUENCE LISTING) wherein the sugar moiety of the 
thymidines at base numbers 4 to 8 is 2 , -0,4'-C ethylene. 

Reference Example 1 

3 ) 5-Di-0-benzyl-4-trifluoromethanesulfony- 
loxymethyl- 1 ,2-O-isopropylidene-a-D-ery thropento- 
furanose 

Anhydrous pyridine (0.60 ml, 7.5 mmol) was added was 
added to a solution of 3,5-di-0-benzyl-4-hydroxymethyl-l, 
2-O-isopropylidene-a-D^rythropentofiuanose (2000 mg, 
5.0 mmol) in anhydrous dichloromethane (50 ml) and trif- 
luoromethanesulfonic anhydride (1010 mg, 6.0 mmol) under 
nitrogen atmosphere at -78° C. and the mixture was stirred 
for 40 minutes. The reaction mixture was partitioned 
between the methylenechloride and saturated aqueous 
sodium hydrogencarbonate solution (about 100 ml). The 
organic layer was washed with saturated aqueous sodium 
hydrogencarbonate solution (about 100 ml) and saturated 
aqueous sodium chloride solution (about 1 00 ml), dried over 
anhydrous magnesium sulfate and then concentrated in 
vacuo to give a white powder (2520 mg, 4.73 mmol, 95%) 
which was used in the next reaction without further purifi- 
cation. 

'H-NMR (400 MHz, CDC1 3 ): 1.34 (3H, s), 1.63 (3H, s), 
3.48 (1H, d, 10 Hz), 3.53 (1H, d, 10 Hz), 4.21 (1H, d, 5.0 
Hz), 4.5 (4H, m), 4.74 (1H, d, 12 Hz), 4.80 (1H, d, 1H, d, 
12 Hz), 5.01 (1H, d, 12 Hz), 5.73 (1H, d, 4.6 Hz), 7.3 (10H, 
m). 

Reference Example 2 

3 ,5 -Di-O-benzyl -4-cyanomethy 1 - 1 ,2 -O- isopropy- 
lidene-a-D-erythropentofuranose 

The compound obtained in Reference example 1 (2520 
mg, 4.73 mmol) was dissolved in dimethylsulfoxide (50 ml) 
at 90° C. To the solution was added sodium cyanide (463 
mg, 9.46 mmol) at room temperature and the mixture was 
stirred at 50° C. for 3 hours. The reaction mixture was 
partitioned between water (about 100 ml) and ethyl acetate 
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(about 100 ml). The organic layer was washed with saturated 
aqueous sodium chloride solution (about 100 ml), dried over 
anhydrous magnesium sulfate and then concentrated in 
vacuo. The residue was purified by chromatography on silica 

5 gel (using hexane:ethyl acetate=4:l) to give a colorless oil 
(1590 mg, 3.89 mmol, 82%). 

'H-NMR (400 MHz, CDC1 3 ): 1.34 (3H, s), 1.62 (3H, s), 
2.88 (1H, d, 17 Hz), 3.15 (1 H, d, 17 Hz), 3.50 (1 H, d, 10 Hz), 
3.58 (1H, d, 10 Hz), 4.08 (1H, d, 5.1 Hz), 4.52 (1H, d, 12 

10 Hz), 4.56 (1H, d, 12 Hz), 4.57 (1H, m), 4.58 (1H, d, 12 Hz), 
4.76 (1H, d, 12 Hz), 5.73 (1H, d, 3.7 Hz), 7.3 (10H, m). 

Reference Example 3 

15 3 ,5 -Di -O-benzy 1-4-formylmethyl - 1 ,2-O-isopropy- 
1 idene-a-D-erythropentofuranose 

A 1.5M toluene solution of isobutylaluminium hydride (2 
ml, 3.0 mmol) was slowly added dropwise to a solution of 

20 the compound obtained in Reference example 2 (610 mg, 
1.49 mmol) in dichloromethane (10 ml) under nitrogen 
atmosphere at -78° C. and the mixture was stirred for 1 hour 
at -78° C. and then warmed to room temperature. To the 
reaction mixture was added methanol (5 ml) and saturated 

2s aqueous ammonium chloride solution (about 20 ml) and this 
mixture was stirred for 30 minutes. The reaction mixture 
was extracted with ethyl acetate (about 30 ml). The organic 
layer was washed with saturated aqueous sodium hydrogen- 
carbonate solution (about 30 ml) and saturated aqueous 

30 sodium chloride solution (about 30 ml), dried over anhy- 
drous magnesium sulfate and then concentrated in vacuo to 
give a product which was used in the next reaction without 
further purification. 

35 Reference Example 4 

3 ,5 -Di-O-benzy 1-4 -hydroxy ethyl- 1 ,2-O-isopropy- 
lidene-a-D-erytliropentofliranose 

40 NaBH 4 (7.6 mg, 0.2 mmol) was added to a solution of the 
compound obtained in Reference example 3 (154 mg, 0.377 
mmol) in ethanol (5 ml) and the mixture was stirred at room 
temperature for 1 hour. The reaction mixture was partitioned 
between ethyl acetate (about 10 ml) and water (about 10 ml) 

45 and the organic layer was washed with saturated aqueous 
sodium chloride solution (about 10 ml), dried over anhy- 
drous magnesium sulfate and then concentrated in vacuo. 
The residue was purified by chromatography on silica gel 
(using hexane: ethyl acetate=2:l) to give a colorless oil (117 

50 mg, 0.284 mmol, 75%). 

*H-NMR (400 MHz, CDC1 3 ): 1.33 (3H, s), 1.66 (3H, s), 
1.78 (1H, ddd, 4.0, 8.5, 15 Hz), 2.51 (1H, ddd, 3.4, 6.4, 15 
Hz), 3.31 (1H, d, 10 Hz), 3.54 (1H, d, 10 Hz), 3.80 (2H, m), 
4.13 (1H, d, 5.3 Hz), 4.43 (1H, d, 12 Hz), 4.52 (1H, d, 12 

55 Hz), 4.55 (1H, d, 12 Hz), 4.65 (1H, dd, 4.0, 5.3 Hz), 4.77 
(1H, d, 12 Hz), 5.77 (1H, d, 4.0 Hz), 7.3 (10H, m). 

FABMS (mNBA): 415 (M+H) + , [aJ^+57.4 0 (0.91, 
methanol). 

60 Reference Example 5 

3,5-Di-0-benzyl-4-formyl- 1 ,2-O-isopropylidene-a- 
D-ery thropentofuranose 

65 Oxalyl chloride (6.02 ml, 69.0 mmol) was added to 
methylenechloride (200 ml) cooled at -78° C. A solution of 
dimethylsulfoxide (7.87 ml, 110 mmol) in anhydrous meth- 
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ylenechloride (100 ml) was added dropwise to this solution. 
After stirring for 20 minutes a solution of 3,5-di-O-benzyl- 
1,2-O-isopropylia^ne-a-D^rythropentofuranose (9210 mg, 
23.02 mmol) in anhydrous dichJoromethane (100 ml) was 
added dropwise to this mixture and the mixture was stirred 5 
for 30 minutes. Triethylamine (28 ml, 200 mmol) was added 
to this reaction mixture and the mixture was slowly warmed 
to room temperature. The reaction mixture was partitioned 
between the dichloromethane and water (about 300 ml). The 
organic layer was washed with water (about 300 ml) and 10 
saturated aqueous sodium chloride solution (about 300 ml), 
dried over anhydrous magnesium sulfate and then concen- 
trated in vacuo. The residue was purified by chromatography 
on silica gel (using hexane:ethyl acetate=5:l) to give a 
colorless oil (8310 mg, 20.88 mmol, 91%). 15 

'H-NMR (400 MHz, CDC1 3 ): 1.35 (3H, s), 1.60 (3H, s), 
3.61 (1H, d, 11 Hz), 3.68 (1H, d, 11 Hz), 4.37 (1H, d, 4.4 
Hz), 4.46 (1H, d, 12 Hz), 4.52 (1H, d, 12 Hz), 4.59 (1H, d, 
12 Hz), 4.59 (1H, dd, 3.4, 4.4 Hz), 4.71 (1H, d, 12 Hz), 5.84 
(1H, d, 3.4 Hz), 7.3 (10H, m), 9.91 (1H, s). FABMS 20 
(mNBA): 397 (M-H) + , 421 (M+Na) + , [aJ^+27,4 0 (0.51, 
methanol). 



Reference Example 6 

3,5-Di-0-benzyl-4-vinyl-l,2-0-isopropylidene-a-D- 
erythropentofuranose 



25 



A 0.5M toluene solution of Tebbe reagent (44 ml, 22 
mmol) was added to a solution of the compound obtained in 30 
Reference example 5 (8310 mg, 20.88 mmol) in anhydrous 
tetrahydrofuran (300 ml) under nitrogen atmosphere at 0° C. 
and the mixture was stirred at 0° C. for 1 hour. Diethyl ether 
(300 ml) was added to the reaction mixture and then added 
0.1N aqueous sodium hydroxide solution (20 ml) was 35 
slowly added. The mixture was filtrated through celite in 
order to remove precipitates and the precipitates were 
washed with diethyl ether (about 100 ml). The organic layer 
was dried over anhydrous magnesium sulfate and then 
concentrated in vacuo. The residue was purified by chroma- 40 
tography on basic alumina using dichloromethane to afford 
crude product which was further purified by chromatogra- 
phy on silica gel (using hexane:ethyl acetate=8: 1-5:1) to 
give a colorless oil (5600 mg, 14.14 mmol, 68%). 

'H-NMR (400 MHz, CDC1 3 ): 1.28 (3H, s), 1.52 (3H, s), 45 
3.31 (1H, d, 11 Hz), 3.34 (1H, d, 11 Hz), 4.25 (1H, d, 4.9 
Hz), 4.40 (1H, d, 12 Hz), 4.52 (1H, d, 12 Hz), 4.57 (1H, dd, 
3.9, 4.9 Hz), 4.59 (1H, d, 12 Hz), 4.76 (1H, d, 12 Hz), 5.25 
(1H, dd, 1.8, 11 Hz), 5.52 (1H, dd, 1.8, 18 Hz), 5.76 (1H, d, 
3.9 Hz), 6.20 (1H, dd, 11, 18 Hz), 7.3 (10H, m). 50 

FABMS (mNBA): 419 (M+Na) + . 

Reference Example 7 



3,5-Di-0-benzyl-4-hydroxyethyl- 1 ,2-O-isopropy- 
1 idene-u-D-ery thropentofuranose 



55 



A 0.5 M tetrahydrofuran solution of 9-BBN (9-borabicy- 
clo[3.3.1]nonane) (80 ml, 40 mmol) was added dropwise to 
a solution of the compound obtained in Reference example 60 
6 (5500 mg, 13.89 mmol) in anhydrous tetrahydrofuran (200 
ml) under nitrogen atmosphere and the mixture was stirred 
at room temperature overnight. Water was added to the 
reaction mixture until evolution of gas ceased, 3N aqueous 
sodium hydroxide solution (30 ml) was added and then 65 
slowly 30% aqueous hydrogen peroxide solution was added 
keeping between 30 and 50° C. This mixture was stirred for 



30 minutes and partitioned between saturated aqueous 
sodium chloride solution (about 200 ml) and ethyl acetate 
(200 ml). The organic layer was washed with neutral phos- 
phoric acid buffer solution (about 200 ml) and saturated 
aqueous sodium chloride solution (about 200 ml) and dried 
over anhydrous magnesium sulfate and then concentrated in 
vacuo. The residue was purified by chromatography on silica 
gel (using hexane:ethyl acetate=2:l-l:l) to give a colorless 
oil (5370 mg, 12.97 mmol, 93%). 

'H-NMR (400 MHz, CDC1 3 ): 1.33 (3H, s), 1.66 (3H, s), 
1.78 (1H, ddd, 4.0, 8.5, 15 Hz), 2.51 (1H, ddd, 3.4, 6.4, 15 
Hz), 3.31 (1H, d, 10 Hz), 3.54 (1H, d, 10 Hz), 3.80 (2H, m), 
4.13 (1H, d, 5.3 Hz), 4.43 (1H, d, 12 Hz), 4.52 (1H, d, 12 
Hz), 4.55 (1H, d, 12 Hz), 4.65 (1H, dd, 4.0, 5.3 Hz), 4.77 
(1H, d, 12 Hz), 5.77 (1H, d, 4.0 Hz), 7.3 (10H, m). 

FABMS (mNBA): 415 (M+H)+, [a^+57.4 0 (0.91, 
methanol). 

Reference Example 8 

3,5-Di-0-benzyl-4-(p-toluenesulfonyloxyethyl)- 1 ,2- 
O-isopropylidene-a-D-eiythropen tofuranose 

Triethylamine (1.8 ml, 13 mmol), dimemylaminopyridine 
(30 mg, 0.25 mmol), and p-toluenesulfonyl chloride (858 
mg, 4.5 mmol) were added to a solution of the compound 
obtained in Reference example 4 which was azeotropically 
refluxed with toluene (1035 mg, 2.5 mmol) in anhydrous 
dichloromethane (35 ml) under nitrogen atmosphere at 0° C. 
and the mixture was stirred at room temperature overnight. 
The reaction mixture was partitioned between the dichlo- 
romethane and saturated aqueous sodium hydrogencarbon- 
ate solution (about 100 ml). The organic layer was washed 
with saturated aqueous sodium hydrogencarbonate solution 
(about 100 ml) and saturated aqueous sodium chloride 
solution (about 100 ml) and dried over anhydrous magne- 
sium sulfate and then concentrated in vacuo. The residue 
was purified by chromatography on silica gel (using hexane: 
ethyl acetate=3:l) to give a colorless oil (1340 mg, 2,6 
mmol, 94%). 

l H-NMR (400 MHz, CDC1 3 ): 1.33 (3H, s), 1.49 (3H, s), 
1.99 (1H, dt, 7.6 and 15 Hz), 2.47 (3H, s), 2.60 (1H, ddd, 5.7, 
7.6, 15 Hz), 3.28 (1H, d, 10 Hz), 3.45 (1H, d, 10 Hz), 4.11 
(1H, d, 5.3 Hz), 4.32 (2H, m), 4.42 (1H, d, 12 Hz), 4.50 (1H, 
d, 12 Hz), 4.54 (1H, d, 12 Hz), 4.62 (1H, dd, 4.0, 5.2 Hz), 
4.76 (1H, d, 12 Hz), 5.74 (1H, d, 4.0 Hz), 7.3 (12H, m), 7.78 
(2H, d, 8.3 Hz). 

FAB-MAS (mNBA): 569 (M+H) + 

Reference Example 9 

l,2-Di-0-acetyl-3,5-di-0-benzyl-4-(p-toluenesulfo- 
nyloxyemyl)-a-D-eiythropentofura nose 

Acetic anhydride (1.88 ml, 20 mmol) and concentrated 
sulfuric acid (0.01 ml) were added to a solution of the 
compound obtained in Reference example 8 (1340 mg, 2.36 
mmol) in acetic acid (15 ml) and the mixture was stirred at 
room temperature for 1 hour. The reaction mixture was 
poured into water (60 ml) in an ice-bath and stirred for 30 
minutes and then partitioned between saturated aqueous 
sodium chloride solution (about 1 00 ml) and ethyl acetate 
(about 100 ml). The organic layer was washed with neutral 
phosphoric acid buffer solution, saturated aqueous sodium 
hydrogencarbonate solution and saturated aqueous sodium 
chloride solution and dried over anhydrous magnesium 
sulfate and then concentrated. The residue was purified by 
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chromatography on silica gel (using hexane: ethyl acetate=2: 
1) to give. a colorless oil (1290 mg, 2.U mmol, 89%, a: 
0-1:5). 

'H-NMR (400 MHz, CDC1 3 ): (P derivative) 1 .86 (3H, s), 
2.05 (3H, s), 2.08 (1H, m), 2.18 (1H, m), 2.42 (3H, s), 3.30 
(1H, d, 10 Hz), 3.33 (1H, d, 10 Hz), 4.23 (1H, d, 5.1 Hz), 
4.24 (2H, m), 4.42 (2H, s), 4.45 (1H, d, 12 Hz), 4.55 (1H, 
d, 12 Hz), 5.28 (1H, d, 5.1 Hz), 6.01 (1H, s), 7.3 (12H, m), 
7.73 (2H, d, 8.3 Hz). 

FAB-MAS (mNBA): 613 (M+H) + 

Reference Example 10 

2'-0- Acetyl ^'jS'-di-O-berizyM'-p-toluenesulfony- 
loxyethyl-5-methyluridine 



Trimethylsilylated benzoylcytosine (300 mg, about 1,0 
mmol), which was prepared according to a method of H. 
Vorbrggen, K. Krolikiewicz and B. Bennua (Chem. Ber., 
114, 1234.1255 (1981)), was added to a solution of the 
compound obtained in Reference example 9 (383 mg, 0.626 
mmol) in anhydrous 1 ,2-dichloroethane (4 ml). Trimethyl- 
silyl trifluoromethanesulfonate (0.18 ml, 0.995 mmol) at 0° 
C. was added to the mixture and the mixture was stirred at 
50° C. for 1 hour. Saturated aqueous sodium hydrogencar- 
bonate solution (about 10 ml) and methylenechloride (about 
20 ml) was added to the mixture and then the mixture was 
stirred. The resulting white precipitates were filtered off 
through celite. The organic layer of the filtrate was washed 
with saturated aqueous sodium chloride solution (about 20 
ml) and dried over anhydrous magnesium sulfate and then 
concentrated in vacuo to give a colorless amorphous solid 
(397 mg, 83%). 



'H-NMR (400 MHz, CDC1 3 ): 8.70 (1H, br), 8.18 (1H, d, 
7.4 Hz), 7.87 (2H, d, 7.5 Hz), 7.72 (2H, d, 8.3 Hz), 7.61-7.57 
(1H, m), 7.51-7.48 (2H, m), 7.43-7.21 (13H, m), 6.02 (1H, 
d, 2.9 Hz), 5.40 (1H, dd, 5.8, 2.9 Hz), 4.57 (1H, d, 11 Hz), 
5 4.39 (1H, d, 11 Hz), 4.32-4.28 (3H, m), 4.19-4.16 (2H, m), 
3.69 (1H, d, 11 Hz), 3.31 (1H, d, 11 Hz), 2.40 (3H, s), 
230-2.23 (1H, m), 2.06 (3H, m), 1.95-1.89 (1H, m). 

FAB-MAS (mNBA): 768 (M+H)* 

10 Reference Example 12 

2 , -0-Acetyl-3 , ,5 , -di-0-benzyl-4 , -p-toIuenesulfony- 
loxyethyl-6-N-benzoyladenosine 



15 



Trimethylsilylated thymine (500 mg, about 2 mmol), 
which was prepared according to a method of H. Vorbrggen, 
K. Krolikiewicz and B. Bennua (Chem. Ber., 114, 1234- 
1255 (1981)), was added to a solution of the compound 20 
obtained in Reference example 9 (650 mg, 1.06 mmol) in 
anhydrous 1,2-dichloroethane (15 ml) at room temperature 
under nitrogen atmosphere. Trimethylsilyl trifluoromethane- 
sulfonate (0.36 ml, 2 mmol) was added dropwise to the 
mixture and the mixture was stirred at 50° C. for 1 hour. 25 
Saturated aqueous sodium hydrogencarbonate solution 
(about 50 ml) was added to the reaction mixture and the 
mixture was filtered through celite. Dichloromethane (about 
50 ml) was added to the filtrate. The organic layer was 
washed with saturated aqueous sodium hydrogencarbonate 30 
solution (about 50 ml) and saturated aqueous sodium chlo- 
ride solution (about 50 ml) and dried over anhydrous mag- 
nesium sulfate and then concentrated in vacuo. The residue 
was purified by chromatography on silica gel (using hexane: 
ethyl acetate=1.2:l) to give a colorless amorphous solid 35 
(432 mg, 0.64 mmol, 60%). 

hu 1H-NMR (400 MHz, CDC1 3 ): 1.52 (3H, d, 0.9 Hz), 
1.94 (1H, dt, 7.5 and 15 Hz), 2.06 (3H, s), 2.23 (1H, dt, 6.0 
and 15 Hz), 2.42 (3H, s), 3.38 (1H, d, 10 Hz), 3.67 (1H, d, 
10 Hz), 4.17 (2H, m), 4.36 (1H, d, 6.0 Hz), 4.41 (1H, d, 12 40 
Hz), 4.44 (1H, d, 12 Hz), 4.48 (1H, d, 12 Hz), 4.58 (1H, d, 
12 Hz), 5.39 (1H, dd, 5.1 and 6.0 Hz), 6.04 (1H, d, 5.1 Hz), 
7.3 (12H, m), 7.73 (2H, dt, 1.8 and 8.3 Hz), 8.18 (1H, s). 

FAB-MAS (mNBA): 679 (M+H) + 

45 

Reference Example 11 

2 ! -0-Acetyl-3',5 , -di-0-benzyl-4 , -p-toluenesulfony- 
loxyethyl-4-N-benzoylcytidine 



Trimethylsilylated benzoyladenosine (500 mg, about 2.0 
mmol), which was prepared according to a method of H. 
Vorbrggen, K. Krolikiewicz and B. Bennua (Chem. Ber., 
114, 1234-1255 (1981)), was added to a solution of the 
compound obtained in Reference example 9 (600 mg, 0.98 
mmol) in anhydrous 1,2-dichloroethane (15 ml) at room 
temperature under nitrogen atmosphere. After dropwise 
addition of trimethylsilyl trifluoromethanesulfonate (0.36 
ml, 2 mmol) to the mixture, the mixture was stirred at 50° 
C. for 4 hour. Saturated aqueous sodium hydrogencarbonate 
solution (about 50 ml) and dichloromethane (50 ml) were 
added to the reaction mixture and the mixture was parti- 
tioned between these two layers. The organic layer was 
washed with saturated aqueous sodium hydrogencarbonate 
solution (about 50 ml) and saturated aqueous sodium chlo- 
ride solution (about 50 ml) and dried over anhydrous mag- 
nesium sulfate and then concentrated in vacuo. The residue 
was purified by chromatography on silica gel (using dichlo- 
romethane:methanol=50:l) to give a colorless amorphous 
solid (405 mg, 0.51 mmol, 52%). 

*H-NMR (400 MHz, CDC1 3 ): 2.0 (1H, m), 2.06 (3H, s), 
2.32 (1H, dt, 6.0 and 15 Hz), 2.40 (3H, s), 3.36 (1H, d, 10 
Hz), 3.58 (1H, d, 10 Hz), 4.22 (2H, m), 4.39 (1H, d, 12 Hz), 
4.45 (1 H, d, 12 Hz), 4.47 (1H, d, 12 Hz), 4.59 (1H, d, 12 Hz), 
4.62 (1H, d, 5.6 Hz), 5.94 (1H, dd, 4.5 and 5.6 Hz), 6.21 (1H, 
d, 4.5 Hz), 7.2-7.3 (12H, m), 7.54 (2H, m), 7.62 (1H, dt, 1.2 
and 6.2 Hz), 7.72 (2H, d, 8.3 Hz), 8.02 (2H, m), 8.21 (1H, 
s), 8.75 (1H, s), 8.97 (1H, brs). 

FAB-MAS (mNBA): 792 (M+H) + 

Reference Example 13 

2 , -0-Acetyl-3 , ,5 , -di-0-benzyl-4 , -p-toluenesulfony- 
loxyethyl-uridine 



50 



Trimethylsilylated uracil (200 mg, about 0.8 mmol), 
which was prepared according to a method of H. Vorbrggen, 
K. Krolikiewicz and B, Bennua (Chem. Ber., 114, 1234- 
1255 (1981)), was added to a solution of the compound 

55 obtained in Reference example 9 (200 mg, 0.327 mmol) in 
anhydrous 1,2-dichloroethane (8 ml) at room temperature 
under nitrogen atmosphere. After dropwise addition of tri- 
methylsilyl trifluoromethanesulfonate (0.145 ml, 0.8 mmol) 
to the mixture, the mixture was stirred at 70° C. for 1 1 hour. 

60 Saturated aqueous sodium hydrogencarbonate solution 
(about 10 ml) was added to the reaction mixture, the mixture 
was filtered through celite and dichloromethane (about 10 
ml) was added to the filtrate. The organic layer was washed 
with saturated aqueous sodium hydrogencarbonate solution 

65 and saturated aqueous sodium chloride solution and dried 
over anhydrous magnesium sulfate and then concentrated in 
vacuo. The residue was purified by chromatography on silica 
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gel (using dichloromethane:methanol=100:2) to give a col- 
orless oil (199 mg, 0.299 mmol, 92%). 

l H-NMR (400 MHz, CDC1 3 ): 1.94 (1H, dt, 7.4 and 15 
Hz), 2.07 (3H, s), 2.23 (1H, dt, 5.9 and 15 Hz), 2.43 (3H, s), 
3.36 (1H, d, 10 Hz), 3.65 (1H, d, 10 Hz), 4.17 (2H, dd, 6 and 5 
7 Hz), 4.31 (1H, d, 5.9 Hz), 4.38 (1H, d, 11 Hz), 4.39 (1H, 
d, 11 Hz), 4.40 (1H, d, 1H, d, 11 Hz), 4.58 (1H, d, 11 Hz), 
5.29 (1H, dd, 2,4 and 8.2 Hz),5.33 (1H, dd, 4.5 and 6 Hz), 
6.00 (1H, d, 4.5 Hz), 7.2-7.4 (12H, m), 7.61 (1H, d, 8,2 Hz), 
7.74 (1H, d, 8.3 Hz), 8.14 (1H, brs). io 

FAB-MAS (mNBA): 665 (M+H) + 

Reference Example 14 

2 , -0-Acetyl-3',5 , -di-0-benzyl-4'-p-toluenesulfony- 15 
loxyethyl-4-N-benzoyl-5-methyloctyl dine 



Reference Example 15 

2'-0-Acetyl-3 , ) 5'-di-0-benzyl-4 , -p-toluenesulfony- 
loxyethyl-2-N-isobutyrylguanosine 



20 



Trimethylsilylated benzoyl 5-methylcytosine (400 mg, 
about 1 .2 mmol), which was prepared according to a method 
of H. Vorbrggen, K. Krolikiewicz and B. Bennua (Chem. 
Ber., 114, 1234-1255 (1981)) was added to a solution of the 
compound obtained in Reference example 9 (400 mg, 0.653 
mmol) in anhydrous 1,2-dichloroethane (6 ml). After addi- 
tion of trimethylsilyl trifluoromethanesulfonate (0.180 ul, 
1 .0 mmol) to the mixture at 0° C, the mixture was stirred at 
50° C. for 1 hour. The reaction mixture was warmed to room 
temperature. Saturated aqueous sodium hydrogencarbonate 
solution (about 5 ml) and methylenechloride (about 10 ml) 
were added to the reaction mixture and the mixture was 
stirred. The mixture was filtered through celite in order to 
remove white precipitates. The organic layer of the filtrate 
was washed with saturated aqueous sodium chloride solu- 
tion and dried over anhydrous magnesium sulfate and then 
concentrated in vacuo to give a colorless amorphous solid 
(320 mg, 0.409 mmol, 63%). 

'H-NMR (400 MHz, CDC1 3 ): 1.68 (3H, s), 1.95 (1H, dt, 
7.3 and 15 Hz), 2.07 (3H, s), 2.25 (1H, dt, 6 and 15 Hz), 2.43 
(3H, s), 3.40 (1H, d, 10 Hz), 3.71 (1H, d, 10 Hz), 4.18 (2H, 
m), 4.37 (1H, d, 5.8 Hz), 4.42 (1H, d, 12 Hz), 4.46 (1H, d, ^ 
12 Hz), 4.51 (1H, d, 12 Hz), 4.61 (1H, d, 12 Hz), 5.42 (1H, 
dd, 4.9 and 5.8 Hz), 6.07 (1H, d, 4.9 Hz), 7.2-7,6 (17H, m), 
7.74 (2H, d, 8.3 Hz), 8.28 (2H, d, 7.0 Hz). 

FAB-MAS (mNBA): 782 (M+H) + 



30 
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Trimethylsilylated isobutyrylguanosine (650 mg, about 
1 .5 mmol), which was prepared according to a method of H. 
Vorbrggen, K. Krolikiewicz and B. Bennua (Chem. Ber., 
114, 1234-1255 (1981)), was added to a solution of the 
compound obtained in Reference example 9 (400 mg, 0.65 55 
mmol) in anhydrous 1,2-dichloroethane (10 ml) at room 
temperature under nitrogen atmosphere. After addition of 
trimethylsilyl trifluoromethanesulfonate (0.2 ml, 1.2 mmol) 
to the mixture and the mixture was stirred at 50° C. for 4 
hour. Saturated aqueous sodium hydrogencarbonate solution 60 
(about 5 ml) was added to the reaction mixture and the 
organic layer was washed with saturated aqueous sodium 
hydrogencarbonate solution and saturated aqueous sodium 
chloride solution and dried over anhydrous magnesium 
sulfate and then concentrated in vacuo to give a product 65 
which was used in the next reaction without further purifi- 
cation. 



76 

Test Example 1 



Tm Measurement Test 

A sample solution (1000 uL) having a final concentration 
of NaCl of 100 mM, sodium phosphate buffer solution (pH 
7.2) of 10 mM, oligonucleotide (1) of 4 uM, and comple- 
mentary DNA (hereinafter referred to as oligonucleotide 
(2)), having a sequence indicated by its complementary 
chain (sequence: S'-agcaaaaaacgc-S* (SEQ ID NO: 1 of the 
SEQUENCE LISTING) or complementary RNA (hereinaf- 
ter referred to as oligonucleotide (3)) having a sequence 
indicated by the sequence 5'-agaaaaaacgc-3' (SEQ ID NO: 1 
of the SEQUENCE LISTING), of 4 uM was wanned in a 
boiling water bath and slowly cooled to room temperature 
over the course of about two hours. The sample solution was 
then heated and measured using a spectrophotometer (UV- 
3 100 PC: a product of Shimadzu Corp,). The sample was 
heated in a cell (cell thickness: 1 .0 cm, cylindrical jacket 
type) by circulating water heated with an incubator (Haake 
FE2: a product of EKO Corp.), and the temperature was 
monitored using a digital thermometer (SATO SKI 250MC). 
The temperature was raised from 20° C. to 95° C. and the 
intensity of ultraviolet absorbance at the maximum absorp- 
tion wavelength in the vicinity of 260 nm was measured for 
each 1° C. increase in temperature. Naturally-occurring 
DNA (hereinafter referred to as oligonucleotide (4)) having 
the sequence indicated by the sequence S'-gcgttttttgct-S' 
(Sequence No. 2 of the Sequence Listing), which is the same 
sequence as oligonucleotide (1) (compound of Example 29), 
was used as the control, and the same procedure was 
performed. 

The temperature at which the amount of change per 1° C. 
reached a maximum was taken to be Tm (melting tempera- 
ture), and the complementary chain formation ability of the 
oligonucleotide analogue was evaluated at this temperature. 

The following shows the results of measuring the Tm 
values of oligonucleotide (4) (naturally-occurring DNA) and 
oligonucleotide (1) (Compound of Example 29) relative to 
oligonucleotide (2) (complementary DNA) and oligonucle- 
otide (3) (complementary RNA). 



TABLE 3 




Tm (° C.) 




Compound 


Oligonucleotide (2) 


Oligonucleotide (3) 


Oligonucleotide (4) 


48 


44 


Oligonucleotide (1) 


61 


75 



As is clear from the above table, the oligonucleotide 
analogue of the present invention exhibited a remarkably 
higher Tm as well as remarkably higher complementary 
chain formation ability as compared with naturally-occur- 
ring DNA. 

Test Example 2 

Measurement of Nuclease Enzyme Resistance 

Exonuclease or endonuclease was mixed into a buffer 
solution of oligonucleotide held at 37° C. for 15 minutes. 
The mixed solution was then held at 37° C, for a predeter- 
mined amount of time. Ethylenediamine tetraacetic acid 
(EDTA) was added to a portion of the mixed solution and the 
mixture was heated at 100° C, for 2 minutes in order to stop 
the reaction. The amount of oligonucleotide remaining in the 
mixture was determined by reverse phase high-performance 



1 



US 7,3 

77 

liquid column chromatography, and the time-based changes 
in the amount of oligonucleotide in the presence of nuclease 
were measured. 

The oligonucleotide analogues of the present invention 
demonstrate remarkable nuclease resistance. 

Example 30 

Synthesis of Oligonucleotide Derivative 

According to the procedure of Example 29 the following 
oligonucleotide sequence (which oligonucleotide is herein* 
after referred to as "oligonucleotide (5)") was obtained. 

S'-tcctctgtgcttggttctggcct-S' (exemplification of SEQ ID NO: 
3 in the SEQUENCE LISTING), wherein the sugar moiety 
of the thymidines and cytidines at base numbers 1 to 3 and 
21 to 23 is 2'-0,4 f -C ethylene. 

Test Example 3 

Inhibition of SNS/PN3 Gene Expression 

Dorsal root ganglion (hereinafter "DRG") was delivered 
from SD (Sprague Dawley) rat of 1 6 fetal day age. DRG was 
incubated with PBS (sodium phosphate buffer; 12 ml) 
containing Img/ml collagenase for 30 min at 37° C. After 
incubation, the supernatant of DRG was removed by cen- 
trifugation. DRG was incubated with PBS (12 ml) contain- 
ing 0.1% trypsin for 30 min at 37° C. After incubation DRG 
was dispersed by adding Dnase I solution (2 mg/ml in PBS, 
60 |il) and pipetting in MEM (Minimum essential medium) 
containing 10% FCS (fetal calf serum), 28 mM glucose and 
100 ng/ml NGF (resulting medium is hereinafter "FCS- 
MEM"). The resulting cell suspension (hereinafter "DRG 
cell") was plated to each well of 12 well plate in a ratio of 
0.5 ml/well those well had been coated with Poly-D-Lysin 
and filled with FCS-MEM (0.5ml/well) containing 16 ng/ml 
laminin. 
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DRG cell was cultured in 5% C0 2 atmosphere at 37° C. 
On the day following the plating, half of medium (0.5 ml) 
was replaced with FCS-MEM containing 20 jiM Ara-C. 
On the 4th day following the plating, half of medium was 
5 replaced with FCS-MEM containing 40 uM oligonucleotide 
(5) (compound of Example 30). 

After incubating 48 hours, RNA of the DRG cell was 
extracted. Using the RT-PCR (reverse transcript PGR) 
10 method, the quantity of the mRNA of the SNS/PN3 was 
measured (internal standard: TrkA (NGF receptor)). The 
inhibition ability was evaluated by the following formula. 
A=mRNA quantity of the compound treated well 
B=mRNA quantity of non treated well (control) 
15 Inhibition rate (%)=(! -A/B)x 100 



TABLE 4 



Compound 


inhibition rate (%) 


Oligonucleotide (5) 


28 



As is clear from the above table, the oligonucleotide ana- 
25 logue of the present invention exhibited a remarkably high 
inhibition ability of SNS/PN3 gene expression. The oligo- 
nucleotide analogue of the present invention is thus useful as 
a pain treatment drug. 

30 INDUSTRIAL APPLICABILITY 

The novel oligonucleotide analogue and nucleoside ana- 
logue of the present invention are useful as antisense or 
antigene pharmaceuticals having excellent stability, as 
35 detection agents (probes) of a specific gene, as primers for 
starting amplification or as intermediates for their produc- 
tion. 



SEQUENCE LISTING 



<160> NUMBER OP SEQ ID NOS : 3 

<210> SEQ ID NO 1 
<211> LENGTH: 12 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthesized 
oligonucleotide for testing Tm value 

<400> SEQUENCE: 1 

agcaaaaaac gc 12 



<210> SEQ ID NO 2 
<211> LENGTH: 12 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthesized 
oligonucleotide for testing Tm value 

<400> SEQUENCE: 2 

gcgttttttg ct 12 



<210> SEQ ID NO 3 
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-continued 

<211> LENGTH: 23 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Deecription of Artificial Sequence: Synthesized 
oligonucleotide 

<400> SEQUENCE: 3 

tcctctgtgc ttggttctgg cct 23 



What is claimed is: 

1. A compound of formula (1): 




wherein: 

R 1 and R 2 are the same or different and are selected from 
the group consisting of hydrogen atoms, hydroxyl 
protecting groups, phosphate groups, protected phos- 
phate groups and a group of formula — P(R 3 )R 4, 
wherein R 3 and R 4 are the same or different and are 
selected from the group consisting of hydroxyl groups, 
protected hydroxyl groups, mercapto groups, protected 
mercapto groups, amino groups, alkoxy groups having 
from 1 to 4 carbon atoms, alkylthio groups having from 
1 to 4 carbon atoms, cyanoalkoxy groups having from 
1 to 5 carbon atoms and amino groups substituted by an 
alkyl group having from 1 to 4 carbon atoms; 

A represents a methylene group; and 

B is selected from the group consisting of unsubstituted 
purin-9-yl groups, unsubstituted 2<)xo-pyrimidin- 1 -yl 
groups, and substituted purin-9-yl groups and substi- 
tuted 2-oxo-pyrimidin-l -yl groups having at least one 
substituent a selected from the group consisting of 
hydroxyl groups, protected hydroxyl groups, alkoxy 
groups having from 1 to 4 carbon atoms, mercapto 
groups, protected mercapto groups, alkylthio groups 
having from 1 to 4 carbon atoms, amino groups, 
protected amino groups, amino groups substituted by 
an alkyl group having from 1 to 4 carbon atoms, alkyl 
groups having from 1 to 4 carbon atoms and halogen 
atoms; 

or a salt thereof. 

2. The compound according to claim 1 or a salt thereof, 
wherein R 1 is selected from the group consisting of hydro- 
gen atoms, aliphatic acyl groups, aromatic acyl groups, 
methyl groups substituted by from 1 to 3 aryl groups, methyl 
groups substituted by from 1 to 3 aryl groups the aryl ring 
of which is substituted by a substituent selected from the 
group consisting of lower alkyl, lower alkoxy, halogen and 
cyano groups, and silyl groups. 

3. The compound according to claim 1 or a salt thereof, 
wherein R 1 is selected from the group consisting of hydro- 
gen atoms, acetyl groups, benzoyl groups, benzyl groups, 



p -me thoxy benzyl , dimethoxytrityl , mono-methoxytrityl 
15 groups and tert-butyldiphenylsilyl groups. 

4. The compound according to claim 1 or a salt thereof, 
wherein R 2 is selected from the group consisting of hydro- 
gen atoms, aliphatic acyl groups, aromatic acyl groups, 
methyl groups substituted by from 1 to 3 aryl groups, methyl 

20 groups substituted by from 1 to 3 aryl groups the aryl ring 
of which is substituted by a substituent selected from the 
group consisting of lower alkyl, lower alkoxy, halogen and 
cyano groups, silyl groups, phosphoramidite groups, phos- 
phonyl groups, phosphate groups and protected phosphate 

25 groups. 

5. The compound according to claim 2 or a salt thereof, 
wherein R 2 is selected from the group consisting of hydro- 
gen atoms, aliphatic acyl groups, aromatic acyl groups, 
methyl groups substituted by from 1 to 3 aryl groups, methyl 

30 groups substituted by from 1 to 3 aryl groups the aryl ring 
of which is substituted by a substituent selected from the 
group consisting of lower alkyl, lower alkoxy, halogen and 
cyano groups, silyl groups, phosphoramidite groups, phos- 
phonyl groups, phosphate groups and protected phosphate 

35 groups. 

6. The compound according to claim 3 or a salt thereof, 
wherein R 2 is selected from the group consisting of hydro- 
gen atoms, aliphatic acyl groups, aromatic acyl groups, 

4Q methyl groups substituted by from 1 to 3 aryl groups, methyl 
groups substituted by from 1 to 3 aryl groups the aryl ring 
of which is substituted by a substituent selected from the 
group consisting of lower alkyl, lower alkoxy, halogen and 
cyano groups, silyl groups, phosphoramidite groups, phos- 

45 phonyl groups, phosphate groups and protected phosphate 
groups. 

7. The compound according to claim 1 or a salt thereof, 
wherein R 2 is selected from the group consisting of hydro- 
gen atoms, acetyl groups, benzoyl groups, benzyl groups, 

50 p-methoxybenzyl groups, tert-butyldiphenylsilyl groups, 
— P(OC 2 H 4 CN) (N(CH(CH 3 ) 2 ) 2 ), — P(OCH 3 ) (N(CH 
(CH 3 ) 2 ) 2 ), phosphonyl groups, 2-chlorophenyl phosphate 
groups and 4-chlorophenyl phosphate groups. 

8. The compound according to claim 1 or a salt thereof, 
55 wherein R 2 is selected from the group consisting of hydro- 
gen atoms, acetyl groups, benzoyl groups, benzyl groups, 
p-methoxybenzyl groups, tert-butyldiphenylsilyl groups, 
— P(OC 2 H 4 CN) (N(CH(CH 3 ) 2 ) 2 ), — P(OCH 3 ) (N(CH 
(CH 3 ) 2 ) 2 ), phosphonyl groups, 2-chlorophenyl phosphate 

$0 groups and 4-chlorophenyl phosphate groups. 

9. The compound according to claim 3 or a salt thereof, 
wherein R 2 is selected from the group consisting of hydro- 
gen atoms, acetyl groups, benzoyl groups, benzyl groups, 
p-methoxybenzyl groups, tert-butyldiphenylsilyl groups, 

65 — P(OC 2 H 4 CN) (N(CH(CH 3 ) 2 ) 2 ), — P(OCH 3 ) (N(CH 
(CH 3 ) 2 ) 2 ), phosphonyl groups, 2-chlorophenyl phosphate 
groups and 4-chlorophenyl phosphate groups. 
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10. The compound according to claim 1 or a salt thereof, 
wherein B is selected from the group consisting of 6-ami- 
nopurin-9-yl; 6-aminopurin-9-yl, the amino group of which 
is protected; 2,6-dianiinopurin-9-yl; 2-amino-6-chJoropurin- 
9-yl; 2-amino-6-chloropurin-9-yl, the amino group of which 5 
is protected; 2-amino-6-fluoropurin-9-yl, 2-amino-6-fiuoro- 
purin-9-yl, the amino group of which is protected; 2 -amino - 
6-bromopurin-9-yl; 2-amino-6-bromopurin-9-yl, the amino 
group of which is protected; 2-ammo-6-hydroxypurin-9-yl; 
2-amino-6-hydroxypurin-9-yl, the amino group of which is 10 
protected; 2-amino-6-hydroxypurin-9-yl, the amino group 
and hydroxyl group of which are protected; 6-amino-2- 
methoxypurin-9-yl ; 6-amino-2-chloropurin-9-yl; 6-amino- 
2-fluoropurin-9-yl; 2,6-dimethoxypurin-9-yl; 2,6-dichloro- 
purin-9-yl; 6-mercaptopurin-9-yl; 2-oxo-4-amino- 15 
pyrimidin-l-yl; 2-oxo-4-amino-pyrimidin-l -yl, the amino 
group of which is protected; 2-oxo-4-amino-5-fluoro-pyri- 
midin-l-yl; 2<ixo^-amino-5-fluorcHpyrirnidin-l-yl ) the 
amino group of which is protected; 4-amino-2-oxo-5- 
chloro-pyrimidin-l-yl; 2-oxo-4-memoxy-pyrimidin-l-yl; 20 
2-oxo-4-mercapto-pyrimidin- 1-yl; 2-oxo-4-hydroxy-pyri- 
midin- 1 -yl, 2 -oxo-4-hydroxy-5-methy lpyrimidin- 1 -y 1; 
4amino-5-methyl-2-oxo-pyrimidin-l-yl group and 4-amino- 

5- methyl-2-oxo-pyrimidin-l-yI group, the amino group of 
which is protected. 25 

11. The compound according to claim 2 or a salt thereof, 
wherein B is selected from the group consisting of 6-ami- 
nopurin-9-yl; 6-aminopurin-9-yl, the amino group of which 
is protected; 2,6-dianimopurin-9-yI; 2-amino-6-chloropurin- 
9-yl; 2-amino-6-chloropurin-9-yl, the amino group of which 30 
is protected; 2-amino-6-fluoropurin-9-yl; 2-amino-6-fluoro- 
purin-9-yI, the amino group of which is protected; 2-amino- 

6- bromopurin-9-yl; 2-amino-6-bromopurin-9-yl, the amino 
group of which is protected; 2-amino-6-hydroxypurin-9-yl; 

2 -amino -6 -hy droxypurin- 9-y 1 , the amino group of which is 35 
protected; 2-amino-6-hydroxypurin-9-yl, the amino group 
and hydroxyl group of which are protected; 6-amino-2- 
methoxypurin-9-yl; 6-amino-2-chloropurin-9-yl; 6-amino- 
2-fluoropurin-9-yl; 2,6-dimethoxypurin-9-yl; 2,6-dichloro- 
purin-9-yl; 6-mercaptopurin-9-yl ; 2-oxo-4-amino- 40 
pyrimidin-l-yl; 2-oxo-4-amino-pyrimidin-l -yl, the amino 
group of which is protected; 2-oxo-4-amino-5-fluoro-pyri- 
midin- 1 -yl; 2-oxo-4-amino-5-fluoro-pyrimidin- 1 -yl, the 
amino group of which is protected; 4-amino-2-oxo-5- 
chloro-pyrimidin-l-yl; 2H>xo-4-methoxy-pyrimidin-l-yl; 45 
2-oxo-4-mercapto-pyrimidin- 1 -yl; 2-oxo-4-hydroxy-pyri- 
midin- 1 -yl; 2-oxo-4-hydroxy-5-methylpyrimidin- 1 -yl; 
4-amino-5-methyl-2-oxo-pyrimidin-l-yl group and 
4-amino-5-methyl-2-oxo-pyrimidin-l-yl group, die amino 
group of which is protected. 50 

12. The compound according to claim 3 or a salt thereof, 
wherein B is selected from the group consisting of 6-ami- 
nopurin-9-yl; 6-aminopurin-9-yl, the amino group of which 
is protected; 2,6-diaminopurin-9-yl; 2-amino-6-chloropurin- 
9-yl; 2-amino-6-chloropurin-9-yl, the amino group of which 55 
is protected; 2-amino-6-fluoropurin-9-yl; 2-amino-6-fluoro- 
purin-9-yl, the amino group of which is protected; 2 -amino - 
6-bromopurin-9-yl; 2-amino-6-bromopurin-9-yl, the amino 
group of which is protected; 2-ammo-6-hydroxypurin-9-yl; 
2-amino-6-hydroxypurin-9-yl, the amino group of which is 60 
protected; 2-amino-6-hydroxypurin-9-yl, the amino group 
and hydroxyl group of which are protected; 6-amino-2- 
methoxypurin-9-yl; 6-amino-2-chloropurin-9-yl; 6-amino- 
2-fluoropurin-9-yl; 2,6-dimethoxypurin-9-yl; 2,6-dichloro- 
purin-9-yl; 6-mercaptopurin-9-yl; 2-oxo-4-amino- 65 
pyrimidin-l-yl; 2-oxo-4-amino-pyrimidin-l-yl, the amino 
group of which is protected; 2-oxo-4-amino-5-fluoro-pyri- 
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midin-l-yl; 2-oxo-4-amino-5-fluoro-pyrimidin- 1 -yl, the 
amino group of which is protected; 4-amino-2-oxo-5- 
chloro-pyrirnidin-1 -yl; 2 -oxo-4-methoxy -pyrimidin-l-yl; 
2-oxo-4-mercapto-pyrimidin-l-yl; 2-oxo-4-hydroxy-pyri- 
midin- 1 -yl; 2-oxo-4-hydroxy-5-methy lpyrimidin- 1 -yl; 
4-amino-5-methyl-2-oxo-pyrimidin- 1 -yl group and 
4-amino-5-methyl-2-oxo-pyrimidin- 1 -yl groups, the amino 
group of which is protected. 

13. The compound according to claim 4 or a salt thereof, 
wherein B is selected from the group consisting of 6-ami- 
nopurin-9-yl; 6-aminopurin-9-yl, the amino group of which 
is protected; 2,6-diaminopurin-9-yl; 2-amino-6-chJoropurin- 
9-yl; 2-amino-6-chloropurin-9-yl, the amino group of which 
is protected; 2-amino-6-fluoropurin-9-yl; 2-amino-6-fluoro- 
purin-9-yl, the amino group of which is protected; 2-amino- 
6-bromopurin-9-yl; 2-amino-6-bromopurin-9-yl, the amino 
group of which is protected; 2-amino-6-hydroxypurin-9-yl; 
2-amino-6-hydroxypurin-9-yl, the amino group of which is 
protected; 2-amino-6-hydroxypurin-9-yl, the amino group 
and hydroxyl group of which are protected; 6-amino-2- 
methoxypurin-9-yl; 6-arnino-2-chloropurin-9-yl; 6-amino- 
2-fluoropurin-9-yl; 2,6-dimethoxypurin-9-yl; 2,6-dichloro- 
purin-9-yl; 6-mercaptopurin-9-yl; 2-oxo-4-amino- 
pyrimidin-l-yl; 2-oxo-4-ammo-pyrimidin-l-yl, the amino 
group of which is protected; 2-oxo-4-amino-5-fluoro-pyri- 
midin-l-yl; 2-oxo-4-amino-5-fluoro-pyrimidin-l-yl, the 
amino group of which is protected; 4-amino-2-oxo-5- 
chloro-pyrimidin-1 -yl; 2-oxo-4-methoxy-pyrimidin- 1 -yl; 
2-oxo-4-mercapto-pyrimidin- 1 -y 1; 2-oxo-4-hydroxy-pyri- 
midin- 1 -yl ; 2-oxo-4-hydroxy-5-methy lpyrimidin- 1 -yl ; 
4-arnino-5-methyl-2-oxo-pyrimidin-l-yl group and 
4-amino-5-methyl-2-oxo-pyrimidin-l-yl group, the amino 
group of which is protected. 

14. The compound according to claim 5 or a salt thereof, 
wherein B is selected from the group consisting of 6-ami- 
nopurin-9-yl; 6-aminopurin-9-y 1 , the amino group of which 
is protected; 2 ) 6-diaminopurin-9-yl; 2-amino-6-chloropurin- 
9-yl; 2-amino-6-chloropurin-9-yl, the amino group of which 
is protected; 2-amino-6-fluoropurin-9-yl; 2-amino-6-fluoro- 
purin-9-yl, the amino group of which is protected; 2 -amino - 
6-bromopurin-9-yl; 2-amino-6-bromopurin-9-yl, the amino 
group of which is protected; 2-amino-6-hydroxypurin-9-yl; 
2-animo-6-hydroxypurin9-yl, the amino group of which is 
protected; 2-amino-6-hydroxypurin-9-yl, the amino group 
and hydroxyl group of which are protected; 6-amino-2- 
methoxypurin-9-yl; 6-arnino-2-chloropurin-9-yl; 6 -amino- 
2-fluoropurin-9-yl; 2,6-dimethoxypurin-9-yl; 2,6-dichloro- 
purin-9-yI; 6-mercaptopurin-9-yl; 2-oxo-4-amino- 
pyrimidin-l-yl; 2-oxo-4-animo-pyrimidin-l-yl, the amino 
group of which is protected; 2-oxo-4-amino-5-fluoro-pyri- 
midin-l-yl; 2-oxo-4-amino-5-fluoro-pyrimidin- 1 -y 1, the 
amino group of which is protected; 4-amino-2-oxo-5- 
chloro-pyrimidin-1 -yl; 2-oxo-4-methoxy-pyrimidin- 1 -yl ; 
2-oxo-4-mercapto-pyrimidin-l-yl; 2-oxo-4-hydroxy -pyri- 
midin-l-yl ; 2 -oxo-4-hydroxy-5-methy lpyrimidin- 1 -yl; 
4 -amino-5-methy 1-2-oxo-pyrimidin- 1 -yl group and 
4-amino-5-methyl-2-oxo-pyrirnidin- 1 -yl group, the amino 
group of which is protected. 

15. The compound according to claim 6 or a salt thereof, 
wherein B is selected from the group consisting of 6-ami- 
nopurin-9-yI; 6-aminopurin-9-yl, the amino group of which 
is protected; 2,6-diaminopurin-9-yl; 2-amino-6-chloropurin- 
9-yl; 2-amino-6-chloropurin-9-yl, the amino group of which 
is protected; 2-arnino-6-fluoropurin-9-yl; 2-amino-6-fluoro- 
purin-9-yl, the amino group of which is protected; 2 -amino - 
6-bromopurin-9-yl; 2-amino-6-bromopurin-9-yl, the amino 
group of which is protected; 2-amino-6-hydroxypurin-9-yl; 



• 



US 7,335,765 B2 



83 



84 



2-amino-6-hydroxypurin-9-yl, the amino group of which is 
protected; 2-amino-6-hydroxypuriri-9-yl, the amino group 
and hydroxyl group of which are protected; 6-amino-2- 
methoxy purin- 9-y 1 ; 6-amino-2-chloropurin-9-yl; 6-amino- 
2-fluoropurin-9-yl; 2,6-dimethoxypurin-9-yl; 2,6-dichloro- 5 
purin-9-yl; 6-mercaptopurin-9-yl; 2-oxo-4-amino- 
pyrimidin-l-yl; 2-oxo-4-amino-pyrimidin-l-yl, the amino 
group of which is protected; 2-oxo-4-amino-5-fluoro-pyri- 
midin-l-yl; 2-oxo-4-anuno-5-fluoro-pyrimidin-l-yl, the 
amino group of which is protected; 4-amino-2-oxo-5- 10 
chloro-pyrimidin-1 -yl; 2-oxo-4-memoxy-pyriniidin-l -yl; 
2-oxo-4-mercapto-pyrimidin- 1 -yl; 2-oxo-4-hydroxy-pyri- 
midin-1 -yl; 2-oxo-4-hydroxy-5-methylpyrimidin- 1 -yl; 
4-ammo-5 -methy 1-2 -oxo-pyrimidin- 1-yl group and 5 
4 -amino-5 -methy 1-2-oxo-pyrimidin- 1-yl group, the amino 
group of which is protected. 

16. The compound according to claim 7 or a salt thereof, 
wherein B is selected from the group consisting of 6-ami- 
nopurin-9-yl; 6-aminopurin-9-yl, the amino group of which 2 o 
is protected; 2,6-diaminopurin-9-yl; 2-amino-6-chloropurin- 
9-yl; 2-amino-6-chloropurin-9-yl, the amino group of which 

is protected; 2-amino-6-fluoropurin-9-yl; 2-amino-6-fluoro- 
purin-9-yl, the amino group of which is protected; 2 -amino - 
6-bromopurin-9-yl; 2-amino-6-bromopurin-9-yl, the amino 2 s 
group of which is protected; 2-ammo-6-hydroxypurin-9-yl ; 
2 -amino-6 -hydroxypurin-9-yl , the amino group of which is 
protected; 2-amino-6-hydroxypurin-9-yl, the amino group 
and hydroxyl group of which are protected; 6-amino-2- 
methoxypurin-9-yl; 6-amino-2-chloropurin-9-yl; 6 -amino- 30 
2-fluoropurin-9-yl; 2,6-dimethoxypurin-9-yl; 2,6-dichloro- 
purin-9-yl; 6-mercaptopurin-9-yl; 2-oxo-4-amino- 
pyrimidin-1 -yl; 2-oxo-4-amino-pyrimidin-l-yl, the amino 
group of which is protected; 2-oxo-4-amino-5-fluoro-pyri- 
midin-l-yl; 2-oxo-4-amino-5-fluoro-pyrimidin-l-yl, the 35 
amino group of which is protected; 4-amino-2-oxo-5- 
chloro-pyrimidin- 1 -y 1 ; 2-oxo-4-methoxy-pyrimidin- 1 -yl; 
2-oxo-4-mercapto-pyrimidin- 1 -yl; 2-oxo-4-hydroxy-pyri- 
midin-l-yl; 2-oxo-4-hydroxy-5-methylpyrimidin-l-yl; 
4-amino-5 -methy 1-2 -oxo-pyrimidin- 1 -y 1 group and 40 
4-amino-5-methyl-2-oxo-pyrimidin-l-yl group, the amino 
group of which is protected. 

17. The compound according to claim 8 or a salt thereof, 
wherein B is selected from the group consisting of 6-ami- 
nopurin-9-yl; 6-aminopurin-9-yl, the amino group of which 45 
is protected; 2,6-diaminopurin-9-yl; 2-amino-6-chloropurin- 
9-yl; 2-amino-6-chloropurin-9-yI, the amino group of which 

is protected; 2-aniino-6-fluoropurin-9-yl; 2-amino-6-fluoro- 
purin-9-yl, the amino group of which is protected; 2-amino- 
6-bromopurin-9-yl; 2-amino-6-bromopurin-9-yI, the amino 50 
group of which is protected; 2-ammo-6-hydroxypurin-9-yl; 
2-amino-6-hydroxypurin-9-yl, the amino group of which is 
protected; 2-amino-6-hydroxypurin-9-yl, the amino group 
and hydroxyl group of which are protected; 6-amino-2- 
methoxypurin-9-yl; 6-amino-2-chIoropurin-9-yl; 6 -a mi no- 55 
2-fluoropurin-9-yl; 2,6-dimethoxypurin-9-yl; 2,6-dichloro- 
purin-9-yl; 6-mercaptopurin-9-yl; 2 -oxo -4 -amino - 
pyrimidin-l-yl; 2-oxo-4-amino-pyrimidin-l-yl, the amino 
group of which is protected; 2-oxo-4-amino-5-fluoro-pyri- 
midin-l-yl; 2-oxo-4-aniino-5-fluoro-pyrimidin-l-yl, the 60 
amino group of which is protected; 4-amino-2-oxo-5- 
chloro-pyrimidin-1 -yl; 2-oxo-4-methoxy-pyrimidin- 1-yl; 
2-0X0-4 -mercapto-pyrimidin- 1 -yl; 2-oxo-4-hydroxy-pyri- 
midin- 1 -yl; 2-oxo-4-hydroxy-5-methyIpyrimidin- 1 -yl; 
4-amino-5-methyl-2-oxo-pyrimidin-l-yl group and 65 
4-amino-5 -methy 1-2-oxo-pyri mi din- 1-yl group, the amino 
group of which is protected. 



18. The compound according to claim 9 or a salt thereof, 
wherein B is selected from the group consisting of 6-ami- 
nopurin-9-yl; 6-aminopurin-9-yl, the amino group of which 
is protected; 2,6-diaminopurin-9-yl; 2-amino-6-chloropurin- 
9-yl; 2-amino-6-chloropurin-9-yl, the amino group of which 
is protected; 2-amino-6-fluoropurin-9-yl; 2-amino-6-fluoro- 
purin-9-yl, the amino group of which is protected; 2-amino- 
6-bromopurin-9-yl; 2-amino-6-bromopurin-9-yl, the amino 
group of which is protected; 2-amino-6-hydroxypurin-9-yl; 
2-amino-6-hydroxypurin-9-yl, the amino group of which is 
protected; 2-amino-6-hydroxypurin-9-yl, the amino group 
and hydroxyl group of which are protected; 6-amino-2- 
methoxypurin-9-yl; 6-amino-2-chloropurin-9-yl; 6 -amino - 
2-fluoropurin-9-yl; 2,6-dimethoxypurin-9-yl; 2,6-dichloro- 
purin-9-yl; 6-mercaptopurin-9-yl; 2-oxo-4-amino- 
pyrimidin-l-yl; 2-oxo-4-amino-pyrimidin-l -yl, the amino 
group of which is protected; 2-oxo-4-amino-5-fluoro-pyri- 
midin-l-yl; 2-oxo-4-amino-5-fluoro-pyrimidin-l-yl, the 
amino group of which is protected; 4-amino-2-oxo-5- 
c hi oro -pyrimidin-l-yl; 2 -oxo-4-methoxy-pyri midin- 1 -yl ; 
2-oxo-4-mercapto-pyrimidin- 1 -yl; 2-oxo-4-hydroxy-pyri- 
midin- 1 -yl; 2-oxo-4-hydroxy-5-methy Ipyrimidin- 1 -yl ; 
4-amino-5 -methy 1-2-oxo-pyrimidin- 1-yl group and 
4-amino-5-methyl-2-oxo-pyrimidin- 1 -yl group, the amino 
group of which is protected. 

19. The compound according to claim 1 or a salt thereof, 
wherein B is selected from the group consisting of 6-ben- 
zoy laminopurin-9-y 1 , adeninyl, 2 -i sobutyry Iamino-6-hy- 
droxypurin-9-yl, guaninyl, 2-oxo-4-benzoylamino-pyrimi- 
din-l-yl, cytosinyl, 2-oxo-5-methyl-4-benzoylamino- 
pyrimidin-l-yl, 5-methylcytosinyl, uracinyl and thiminyl 
groups. 

20. The compound according to claim 2 or a salt thereof, 
wherein B is selected from the group consisting of 6-ben- 
zoylaminopurin-9-yl, adeninyl, 2 -i sobutyry lamino-6-hy- 
droxypurin-9-yl, guaninyl, 2-oxo-4-benzoylamino-pyrimi- 
d in- 1-yl, cytosinyl, 2-oxo-5-methyl-4-benzoylamino- 
pyrimidin-l-yl, 5-methylcytosinyl, uracinyl and thyminyl 
groups. 

21. The compound according to claim 3 or a salt thereof, 
wherein B is selected from the group consisting of 6-ben- 
zoylaminopurin-9-yl, adeninyl, 2-isobutyrylamino-6-hy- 
droxypurin-9-yl, guaninyl, 2-oxo-4-benzoylammo-pyrimi- 
din- 1-yl, cytosinyl, 2-oxo-5-methyl-4-benzoylamino- 
pyrimidin-l-yl, 5-methylcytosinyl, uracinyl and thyminyl 
groups. 

22. The compound according to claim 4 or a salt thereof, 
wherein B is selected from the group consisting of 6-ben- 
zoylaminopurin-9-yl, adeninyl, 2-isobutyrylamino-6-hy- 
droxypurin-9-yl, guaninyl, 2-oxo-4-benzoylammo-pyrimi- 
din-l-yl, cytosinyl, 2 -oxo-5 -methy 1-4-benzoy lamino- 
pyrimidin-l-yl, 5-methylcytosinyl, uracinyl and thyminyl 
groups. 

23. The compound according to claim 5 or a salt thereof, 
wherein B is selected from the group consisting of 6-ben- 
zoylaminopurin-9-yl, adeninyl, 2-isobutyryIamino-6-hy- 
droxypurin-9-yl, guaninyl, 2-oxo-4-ben2oylammo-pyrimi- 
din-l-yl, cytosinyl, 2-oxo-5-methyl-4-benzoylamino- 
pyrimidin-l-yl, 5-methylcytosinyl, uracinyl and thyminyl 
groups. 

24. The compound according to claim 6 or a salt thereof, 
wherein B is selected from the group consisting of 6-ben- 
zoylaminopurin-9-yl, adeninyl, 2 -i sobutyry lamino-6-hy- 
droxypurin-9-yl, guaninyl, 2-oxo-4-benzoylammo-pyrimi- 
din-1 -yl, cytosinyl, 2-oxo-5-methyl-4-benzoylamino- 
pyrimidin-l-yl, 5-methylcytosinyl, uracinyl and myminyl 
groups. 
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25. The compound according to claim 7 or a salt thereof, 
wherein B is selected from the group consisting of 6-ben- 
zoylaminopurin-9-yl, adeninyl, 2-isobutyrylamino-6-hy- 
droxypurin-9-yl, guaninyl, 2-oxo-4-benzoylammo-pyrimi- 
din-1 -yl, cytosinyl, 2 -oxo - 5 -methy 1 - 4-benzoy lamino - 
pyrimidin-l-yl, 5-methylcytosinyl, uracinyl and thyminyl 
groups. 

26. The compound according to claim 8 or a salt thereof, 
wherein B is selected from the group consisting of 6-ben- 
zoylaminopurin-9-yl, adeninyl, 2-isobutyrylamino-6-hy- 
droxypurin-9-yl, guaninyl, 2-oxo-4-benzoylamino-pyrimi- 
din-l-yl, cytosinyl, 2 -oxo -5 -methy 1-4-benzoy lamino - 
pyrimidin-l-yl, 5-methylcytosinyl, uracinyl and thyminyl 
groups. 

27. The compound according to claim 9 or a salt thereof, 
wherein B is selected from the group consisting of 6-ben- 
zoylaminopurin-9-yl, adeninyl, 2-isobutyrylamino-6-hy- 
droxypurin-9-yl, guaninyl, 2-oxo-4-ben2Dylammo-pyrirni- 
din-l-yl, cytosinyl, 2 -oxo -5 -methyl -4-benzoy lamino - 
pyrimidin-l-yl, 5-methylcytosinyl, uracinyl and thyminyl 20 
groups. 

28. A compound or a salt thereof selected from the group 
consisting of 

^-O^'-C-ethyleneguanosine, 
2 , -0,4'-C-ethyleneadenosine, 

3 t J 5 , -di-0-benzyl-2 , -0,4*-C-ethylene-6-N-benzoyladenos- 
ine, 

3',5 , -di-0-benzyl-2'-0,4 , -C-ethyIene-2-N-isobutyrylgua- 
nosine, 

S'-O-dimethoxytrityl^'-O^'-C-ethylene^-N-benzoylad- 
enosine, 

5'-0-dimethoxytrityl-2 , -0,4'-C-ethylene-2-N-isobu- 

tyrylguanosine, 
2 , -0,4'-C-ethylene-2-N-isobutyrylguanosine, 
2 , 0,4 , -C-ethylene-6-N-benzoyladenosine, 
^-O-dunethoxytrityl^'-O^'-C-ethylene-e-N-benzoylad- 

enosine-3'-0-(2-cyanoethyl N,N-diisopropyljphos- 

phoramidite, 

S'-O-dimethoxytrityl^'-O^^-ethylene^-N-isobu- 
tyrylguanosine-3 , -0-(2-cyanoethyl N,N-diisopropyl) 
phosphoramidite, 
y-O^'-C-ethyleneuridine, 
y-O^'-C-ethylene-S-methyluridine, 
^-O^'-C-ethylenecytidine, 
^-O^'-C-ethylene-S-methylcytidine, 
3^5 , -di-0-benzyl-2 , -0 ) 4^C-ethyleneuridine, 
S'-O-dimemoxytrityl^'-O.^-C-ethyleneuridine, 
y^'-di-O-benzyl^'-O^'-C-ethylene-S-methyluridine, 
S'-O-dimemoxytrityl^'-O^'-C-ethylene-S-methyluri- 
dine, 

T^'-di-O-benzyl^'-O^'-C-ethylene^-N-benzoylcyti- 
dine, 

S'-O-dimemoxytrityl-^-O^'-C-emyl^ 
tidine, 

3 , ,5 , -di-0-benzyl-2 , -0,4'-C-ethylene-4-N-benzoyl-5-me- 
thylcytidine, 

S'-O-dimemoxytrityl^^^'-C-ethylene^-N-benzDyl-S- 
methylcytidine, 

2 f -0,4'-C-emylene-4-N-beiizoyIcytidine, 
2 , -0,4'-C-ethylene-4-N-benzoyl-5-methylcytidine, 
5 , -0-dimemoxytrityl-2 , -0,4 , -C-ethylene-iuimne-3 , -0-(2- 

cyanoethyl N,N-diisopropyl)phosphoramidite, 
S'-O-dimethoxytrityl -2 f -0,4'-C-ethylene-5 -methyluri- 

dine-3'-0-(2-cyanoethyl N,N-diisopropyl)phosphora- 

midite, 
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5 f -0-dimethoxytrityl-2'-0,4 , -C-ethylene-4-N-benzoylcy- 
tidine-3 f -0-(2-cyanoethyl N,N-diisopropyl)phosphora- 
midite, and 

5 , -0-toethoxytrityl-2 , -0,4'-C-ethylene-4-N-ben2oyl-5- 
memylcytidine-3 , -0-(2-cyanoethyl N,N-diisopropyl) 
phosphoramidite. 

29. 5 , <)-Dimethoxytrityl-2 , -0,4 , -C-ethylene-5-methylu- 
ridine-3'-0-(2-cyanoetnyl N,N-diisopropyl)phosphoramid- 
ite or a salt thereof. 

30. S'-O-Dimemoxytrityl-^-O^^-ethylene^-N-ben- 
zoyIadenosine-3'-0-(2-cyanoethyl N,N-diisopropyl)phos- 
phoramidite or a salt thereof. 

31. ^-O-Dimemoxytrityl-a'-O^-C-ethylene^-N-isobu- 
tyrylguanosine-3 l -0-(2-cyanoethyl N,N-diisopropyl)phos- 
phoramidite or a salt thereof. 

32. 5^0-I)imethoxytrityl-2 , -0,4 , -C-ethylene-uridine-3 t - 
0-(2-cyanoethyl N,N-diisopropyl)phosphoraniidite or a salt 
thereof. 

33. 5 , -0-Dimethoxytrityl-2 , -0,4 , -C-ethylene-4-N-ben- 
zoylcytidine-3 , -0-(2-cyanoethyl N,N-diisopropyI)phos- 
phoramidite or a salt thereof. 

34. S'-O-Dimethoxytrityl^'-O^'-C-ethylene^-N-ben- 
zoyl-5-methylcytidine-3'-0-(2-cyanoethyl N,N-diisopropyl) 
phosphoramidite or a salt thereof. 

35. An oligonucleotide analogue comprising two or more 
nucleoside units wherein at least one of said nucleoside units 
is a structure of the formula (2): 



30 
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(2) 



wherein: 

A represents a methylene group; and 

B is selected from the group consisting of an unsubsti- 
tuted purin-9-yl group, an unsubstituted 2-oxo-pyrimi- 
din-l-yl group, a purin-9-yl group substituted with at 
least one substituent a and a 2-oxo-pyrimidin-l-yl 
group substituted with at least one substituent a, said 
substituent a being selected from the group consisting 
of an unprotected hydroxyl group, a protected hydroxyl 
group, an alkoxy group having from 1 to 4 carbon 
atoms, an unprotected mercapto group, a protected 
mercapto group, an alkylthio group having from 1 to 4 
carbon atoms, an unprotected amino group, a protected 
amino group, an amino group substituted by an alkyl 
group having from 1 to 4 carbon atoms, an alkyl group 
having from 1 to 4 carbon atoms and a halogen atom; 
or a salt thereof. 

36. The oligonucleotide analogue according to claim 35 or 
a salt thereof, which comprises up to 100 nucleoside units 
and wherein nucleoside units are bonded to each other 
through a phosphodiester bond or a phosphorothioate bond. 

37. The oligonucleotide analogue according to claim 35 or 
a salt thereof which comprises 2 to 50 nucleoside units; and 
when said oligonucleotide analogue contains two or more 
nucleoside units of the structure of said formula (2), said 
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nucleoside units of the structure of formula (2) are the same 
or different, and wherein said salt is a pharmaceutical ly 
acceptable salt. 

38. The oligonucleotide analogue according to claim 37 or 

a salt thereof which comprises 10 to 30 nucleoside units. 5 

39. The oligonucleotide analogue according to claim 35 or 
a salt thereof, wherein said nucleoside units are bonded to 
each other through a phosphoric acid diester bond or a 
phosphorothioate bond. 

40. The oligonucleotide analogue according to claim 35 or i 0 
a salt thereof, wherein B is selected from the group consist- 
ing of 6-arninopurin-9-yl; 6-aminopurin-9-yl, the amino 
group of which i s protected; 2 ,6-diainmo-purin- 9-y 1 ; 
2-amino-6-chloropurin-9-yl, 2-amino-6-chloropurin-9-yl, 
the amino group of which is protected; 2-amino-6-fluoro- J 5 
purin-9-yl; 2ammo-6-fluoropurin-9-yl, the amino group of 
which is protected; 2-amino-6-bromopurin-9-yl; 2-amino-6- 
bromopurin-9-yl, the amino group of which is protected; 
2-ainino-6-hydroxypurin-9-yl ; 2-ammo-6-hydroxypurin-9- 
yl, the amino group of which is protected; 2-amino-6- 20 
hydroxypurin-9-yl, the amino group and hydroxyl group of 
which are protected; 6-amino-2-methoxypurin-9-yl; 
6-amino-2-chJoropurin-9-yl; 6-amino-2-fluoropurin-9-yI; 
2,6-dimethoxypurin-9-yl; 2,6-dichloro-purin-9-yl; 6-mer- 
captopurin-9-yl; 2-oxo-4-amino-pyrimidin- 1 -yl ; 2-oxo-4- 25 
amino -pyrimi din- 1 -yl, the amino group of which is pro- 
tected; 2-oxo-4-amino-5-fluoro-pyrimidin-l-yl; 2 -oxo -4- 
amino-5-fluoro-pyrimidin-l -yl, the amino group of which is 
protected; 4-an^o-2-oxo-5-chlorc^pyrimidin-l-yl; 2-oxo- 
4-methoxy-pyrimidin- 1 -yl; 2-oxo-4-mercapto-pyrimidin- 1-30 
yl; 2<»xo-4-hydroxy-pyrimidin-l-yl; 2-oxo-4-hydroxy-5- 
mewylpyrimidin-1 -yl; 4-amino-5-methyl-2-oxo-pyrimidin- 

1 -yl group and 4-aniino-5-memyl-2-oxo-pyrimidin-l -yl 
group, the amino group of which is protected. 

41. The oligonucleotide analogue according to claim 35 or 35 
a salt thereof, wherein B is selected from the group consist- 
ing of 6-benzoylaminopurin-9-yl, adeninyl, 2-isobutyry- 
lamino-6-hydroxypurin-9-yl, guaninyl, 2-oxo-4-benzoy- 
Iamino-pyrimidin- 1 -yl, cytosinyl, 2-oxo-5-methyl-4- 
benzoylamino-pyrimidin-lyl, 5-methylcytosinyl, uracinyl 40 
and thyminyl groups. 

42. A pharmaceutical composition comprising a pharma- 
ceutically effective amount of a pharmacologically active 
compound together with a carrier therefor, wherein said 
pharmacologically active compound is an oligonucleotide 45 
analogue comprising two or more nucleoside units, wherein 

at least one of said nucleoside units is a structure of the 
formula (2): 



(2) 
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wherein: 

A represents a methylene group; and 

B is selected from the group consisting of an unsubsti- 65 
tuted purin-9-yl group, an unsubstituted 2-oxo-pyrimi- 
din-l-yl group, a purin-9-yl group substituted with at 



,765 B2 

88 

least one substituent a and a 2-oxo-pyrimidin-l-yl 
group substituted with at least one substituent a, said 
substituent a being selected from the group consisting 
of an unprotected hydroxyl group, a protected hydroxyl 
group, an alkoxy group having from 1 to 4 carbon 
atoms, an unprotected mercapto group, a protected 
mercapto group, an alkylthio group having from 1 to 4 
carbon atoms, an unprotected amino group, a protected 
amino group, an amino group substituted by an alkyl 
group having from 1 to 4 carbon atoms, an alkyl group 
having from 1 to 4 carbon atoms and a halogen atom; 
or a pharmacologically acceptable salt thereof. 

43. A pharmaceutical composition according to claim 42, 
wherein B is selected from the group consisting of 6-ami- 
nopurin-9-yl; 6-amihopurin-9-yl, the amino group of which 
is protected; 2 J 6-diamino-purin-9-yl; 2-amino-6-chloropu- 
rin-9-yl; 2-arnino-6-chloropurin-9-yl, the amino group of 
which is protected; 2-amino-6-fluoropurin-9-yl; 2-amino-6- 
fluoropurin-9-yl, the amino group of which is protected; 
2-amino-6-bromopurin-9-yl ; 2-amino-6-bromopurin-9-yl, 
the amino group of which is protected; 2-amino-6-hydroxy- 
purin-9-yl; 2-amino-6-hydroxypurin-9-yl, the amino group 
of which is protected; 2-amino-6-hydroxypurin-9-yl, the 
amino group and hydroxyl group of which are protected; 
6-aniino-2-methoxypurin-9-yl; 6-amino-2-chloropurin-9-yl, 
6-amino-2-fluoropurin-9-yl; 2,6-dimethoxypurin-9-yl; 2,6- 
dichloro-purin-9-yl; 6-mercaptopurin-9-yl; 2-oxo-4-amino- 
pyrimidin-l-yl; 2-oxo-4-ammo-pyrimidin-l-yl, the amino 
group of which is protected; 2-oxo-4-amino-5-fluoro-pyri- 
midin-l-yl; 2-oxo~4-amino-5-fluoro-pyrimidin- 1 -yl, the 
amino group of which is protected; 4-amino-2-oxo-5- 
chloro-pyrimidin-1 -yl; 2-oxo-4-methoxy-pyrimidin-l -yl; 
2-oxo-4-mercapto-pyrimidin- 1 -yl; 2-oxo-4-hydroxy-pyri- 
midin- 1-yl; 2-oxo-4-hydroxy-5-methylpyrimidin-l -yl; 
4-amino-5-methyl-2-oxo-pyrimidin-l-yl group and 
4-amino-5-methyl-2-oxo-pyrimidin-l-yl group, the amino 
group of which is protected. 

44. A pharmaceutical composition according to claim 42, 
wherein B is selected from the group consisting of 6-ben- 
zoylaminopurin-9-yl, adeninyl, 2-isobutyrylamino-6-hy- 
droxypurin-9-yl, guaninyl, ^2-oxo-4-benzoylarnmo-pyrimi- 
din-l-yl, cytosinyl, 2-oxo-5-methyl-4-benzoylamino- 
pyrimidinl-yl, 5-methylcytosinyl, uracinyl and thyminyl 
groups. 

45. 5'-0-Dimethoxytrityl-2 , -0,4 , -C-ethylene-6-N-ben- 
zoyladenosine or a salt thereof. 

46. S'-O-Dimemoxytrityl^'-O^'-C-ethylene^-N-isobu- 
tyrylguanosine or a salt thereof. 

47. y-O-Dimethoxytrityl-^-O^'-C-emyleneuridine or a 
salt thereof. 

48. 5 f -0-Dimemoxytrityl-2 , -0 ) 4 , -C-ethyIene-5-methylu- 
ridine or a salt thereof. 

49. S^-Dimemoxytrityl-^A^-C-ethylene^-N-ben- 
zoylcytidine or a salt thereof. 

50. S'-O-Dimethoxytrityl-r-O^'-C-ethylene^-N-ben- 
zoyl-5-methylcytidine or a salt thereof. 

51. The oligonucleotide analogue according to claim 35 or 
a salt thereof, wherein B is a 6 -an adeninyl group. 

52. The oligonucleotide analogue according to claim 35 or 
a salt thereof, wherein B is a 2 -guaninyl group. 

53. The oligonucleotide analogue according to claim 35 or 
a salt thereof, wherein B is a uracinyl group. 

54. The oligonucleotide analogue according to claim 35 or 
a salt thereof, wherein B is a 2-oxo-4 -hydroxy-5 -methy lpy- 
rimidin-l-yl group. 

55. The oligonucleotide analogue according to claim 35 or 
a salt thereof, wherein B is a 2-oxo-4-cytosinyl group. 
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56. The oligonucleotide analogue according to claim 35 or 
a salt thereof, wherein B is a 5-methylcytosinyl group. 

57. The compound according to claim 2 or a salt thereof, 
wherein R 1 is selected from the group consisting of benzyl, 
4-methylbenzyl, 2,4,6-trimethylbenzyl, 3,4,5-trimethylben- 
zyl and 4-methoxybenzyl. 

58. The compound according to claim 4 or a salt thereof, 
wherein R 2 is selected from the group consisting of benzyl, 
4-methylbenzyl, 2,4,6-trimethylbenzyl, 3,4,5-trimethylben- 
zyl and 4-methoxybenzyl. 
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59. The compound according to claim 5 or a salt thereof, 
wherein R 2 is selected from the group consisting of benzyl, 
4-methylbenzyl, 2,4,6-trimethylbenzyl, 3,4,5-trimethylben- 
zyl and 4 methoxybenzyl. 
5 60. The compound according to claim 6 or a salt thereof, 
wherein R 2 is selected from the group consisting of benzyl, 
4-methylbenzyl, 2,4,6-trimethylbenzyl, 3,4,5-trimethylben- 
zyl and 4-methoxybenzyl. 

***** 



